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1.0 INTRODUCTION

1.1 Background

The Marine Aids to Navigation (ATON) System of the United States is an
extensive and comprehensive array of devices external to a vessel. It is
intended to assist a navigator in determining his position, plotting a safe
course, identifying obstructions to navigation, and to promote safe and
economic movement of commercial traffic. The United States Coast Guard (USCG)
operates and administers this system which serves the needs of and benefits
the maritime commerce, the general boating public and the armed forces. A
subgroup of this system is the Short Range Aids (SRA) to navigation system
including navigational devices within visual, audible, radar or low power
radiobeacon range.

In order to research the potential technologies which could advance the
state of the art in buoys as aids to navigation, the USCG has initiated the
"New Buoy Systems" project. The Buoy Technology Survey is the first step in
this new project with the purpose of conducting an overall technology
assessment of buoy systems. This is to be accomplished by the following three
tasks:

TASK A - Review of the research and development efforts by the USCG on aid
to navigation buoy development since 1962.

TASK B - Worldwide survey of existing buoy technology and compilation of
survey data in a computer database.

TASK C - Formulation of recommendations for the development of improved aid
to navigation buoys for the USCG.

The first task, "USCG Buoy Development Review", has been completed and
results presented in a final report.?

The current report is concerned with Task B of the project; it presents
the results of a worldwide buoy technology survey and of the development of a
computerized "Buoy Technology Information System (BTIS)".

1.2  Objective

The main concern of the overall project is the buoy platform and
excludes the direct and detailed consideration of such related matters as
mooring systems, signalling devices, and the much breoader consideration of SRA
type, arrangement and effectiveness. The fact that the mooring system and
signalling devices are sometimes integrated with the platform has resulted in

- J. Daidola, N. Basar, M. Johnson and R. Walker, ’Buoy Technolegy
Survey - USCG Buoy Development Revieu. ‘USCG R&D Center, Final
Report, October 1990. _
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an indirect consideration of these featurss as will be evident in the material
that follows. However, the larger question of type, arrangement and
effectiveness of the complete system could not be addressed in detail within
the constraints of this project. In an overall evaluation of the SRA system,
such considerations should also be addressed. The USCG's Waterway Analysis
and Management System (WAMS) is considering this matter as a separate
investigation.

The objective of Task B, the subject of this report is to conduct
surveys of foreign country navigation authorities responsidle for buoys and
the manufacturers of buoys, both domestic and foreign, and to develop a
computer database of the information collected in this project. The task
includes the screening of worldwide engineering and technical information on
buoy systems, approaches to problem solving (particularly those that have been
identified by the USCG), and development of a computer database for use by the
USCG which is both relational and retrievable. The completed program is to be
developed on a USCG supplied computer and software, and is then to be
installed at the USCG R&D Center and at the USCG Headquarters (G-ECV and G-
NSR).

In the next task of this project (Task C), buoy technologies will be
evaluated in order to identify those that show the most promise for improving
the SRA system. This will be accomplished by carrying out a matrix analysis
of the technologies to rank them in accordance with their benefits as judged
by three measurea of mexit: average anpualized costs, operational
aeffectiveness, and handling safety. The results of Task C will be presented
in a separate report.

1.3 Approach

For accomplishing the goals of this task, two major efforts were
undertaken:

(a) Conducting worldwide surveys
(b} Devaloping a relational and retrievable computer database.

Within the framework of worldwide surveys, personal interviews were
conducted with the national navigation authorities and principal buoy
manufacturers and/or designers of nine major countries as specified by the
U.S. Coast Guard. In addition, interviews were heid with representativas of
national authorities and manufacturexs from twelve additional countries during
the Twalfth Conferance of the International Association of Lighthouse
Authoritfes in Veldhovan (the Netherlands) in June 1990. Inforsation on buoy
technology were also solicttad and uhtainad by correspoudanca from Othar '
additional sources. _

The efforts related to the "Buoy Technnlnqy Infornat:ou Systoms”
included first tha davelopment of a “Database Design® in accordance with ths -
USCG requiremsnts. Upon approval of the Database Design by the USCG, a
softwase packaga and BTIS. Documentation u‘re dnvnlopcd cnn:ilting of thn
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database files and program routines as well as the Users Manual, the Computer
Operations Manual, and the Program Maintenance Manual.

In the subsequent sections of this report, the findings and analysis
results from all Task B efforts are presented as follows:

o In Section 2.0, the results of worldwide surveys are presented in
separate subsections:

- for the major countries' national navigation authorities,

- for commercial institutions in the major navigation
countries,

- for the International Association of Lighthouse Authorities,

© s e g

- for the national authorities and manufacturers of other
countries.
o Section 2.0 also includes, in subsection 2.5, a review of the

findings and trends from all surveys.

o Section 3.0 describes the BTIS efforts and presents the results
obtained.

o | Detailed information to support the results cited in Sections 2.0
and 3.0 are presented in the five Appendices as follows:

“ Appendix A contains the summaries of all interviews held
during the worldwide surveys as recorded.

- Hard copies of all 381 U.S. and foreign buoy records
included in the BTIS Database are contained in Appendix 8
along with curves of cumulative cross-sectional areas
following the records of all buoys for which such curves
could be davelopead.

- ‘In Appendix C, illustrations of all 381 buoys are presented,

- Appendix D contains the methods used in computing cumulative
ares, nominal visual ranges, and radar ranges for individual
buoys.

- fhe contacts made and aiditional data obtained during the y
- 1990 IALA Confsrence in Veldhoven, the Hetharlanﬁs are '
described in Apgenﬂix E.

Dus to the voluminous natute ot Appendices B and C, they are presented
in separately bound volulea anpandice: A, D and E axe found at tha end of
. this report.
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2.0 RESULTS OF WORLDWIDE SURVEYS

During the course of the first part of this task, the national
navigation authorities and some of the commercial buoy manufacturers and
designers in the nine countries (identified by the USCG as those operating
more than 500 aid to navigation buoy stations) were visited and interviews
conducted. Table 2-1A lists the countries and manufacturers /designers
visited and persons interviewed in each country.

Prior to the interviews, letters were sent to each organization and it
was suggested that the survey questionnaires attached to the letters be filled
out and returned before the project investigators' visits. The form used as
the survey questionnaire is shown in Table 2-2. Many of the addressees
complied with this request, some others filled out the guestionnaire during
the interview and some others preferred to verbally provide the information
neaded to the extent they said they could. These questionnaires were used in
preparing the "Summary Notes from Interview® contained in Appendix A as well
as compiling the buoy records input into the BTIS database.

Appendix A contains only the “"Summary Notes" and not the Exhibits
referenced therein since the latter are too voluminous to include in this
report. The originals and/or reproduced copies of these Exhibits are in the
USCG R&D Center files.

The data obtained from all of these sources for each type of buoy used/
manufactured/designed by them ware compiled, screened and recorded on
specially prepared three-page formats shown in Table 2-3. Each hand-filled
buoy record was then input into the BTIS computer database. Datailed
information about the BTIS and the guidelines/conventions used in ite
preparation is provided in References 1, 2, 3, and 4. The database is further
discussed in Section 3.0 of this report.

In addition to the perscnal interviews during survey visits, further
contacts were sade with thess and soma other country soutces while in
attendance at the 1990 IALA Conference in Eindhoven, the Netherlands, Such
add{tional sources of information are listed separately in Table 2-iB and a
Trip Report Sussarizing the contacts made and the findings is included in
Appendiz £. Buoy records were compiled and {nput into the BTIS database for
any new and/or differant buoys that were identified during such contacts '
incéudiageshoso buoys which are in development stages and not yet manufactured

Table 2-IA also lists the number of buoy records that are contained in
the BTIS database for each country and each buoy manufacturer. As seen, there .
are a total of 381 Luoy records in the database. At ths bottom of the third :
page of each muoy record, there is a data field titled *Drawing Referance.” 3 :
The entzy in this field corresponds to the number of the specific buoy's
illustation which is contained in Appandiz C. lor sasy cross-referencing,

the listings of the mational navigation authority and manufacturers’ buoys and i

the corresponding illustration numbers ara shown in Table 2-4.




TABLE 2-1A
LISTING OF WORLDWIDE SURVEYS AND INTERVIEWS

MAJOR NATIONAL NAVIGATION AUTHORITIES AND DESIGNERS/MANUFACTURERS

AGENCY No. of Buoys
COUNTRY MANUFACTURER LOCATION PERSON(S) in BTIS
S CANADA Canadian Coast Guard Ottawa, Mr. Reiner Silberhorn 31

Aids & Waterways Division Ontario

Bt ot

Canadian Coast Guard Prescott, Mr, Reiner Silberhorn -
Authority Base Prescott Oantario Mr. Hugh Jones
: Canadian Coast Guard Charlottetown, MNr. Hillard MacLennan
. Base Charlottetown Prince Edward Mr. Charles McDonald -
% Island
N Canadian Coast Guard Dartnouth, Mr. David Smith
1 Base Halifax Nova Scotia Mr. Yves Leclerc -
; CANADA MIL Systems Engineering, Ottawa, Mr. Robert MaclLaren
: Limited Ontario Mr. Adil Ozdemir .
Designer/ KwH Pipe (Canada) Ltd.  Mississauga,  Mr. Pekka Maukola “
! NFG. Ontario
Georgetown Shipyard, Inc. Georgetown, Mr. Fred MeConnell
Princa Edward Mr. Tom Green _ -
Island Mr. Johit Perry
Fairway Industries, Ltd. uazifai, Br. James Whiteway e

Nova Scotia

Orraids, Ltd.  Prescott, - Mr. Ron Bryeaton -
- Oatario SR ' g ,
DEMMARK  Farvandsvaesanet T Copenhagen, . Nt, Wikolaj Bamsen
Royal Danish Adn. Denpark - Mr. B.N, Svendsen 24
Authority of Navigation and , : <M. HooLittau Jengen
‘ Hydrography) o ST
5




TABLE 2-1 A-Cont'd

LISTING OF WORLLWIDE SORVEYS AND INTERVIEWS
MAJOR NATIONAL MAVIGATION AUYHORITIES AND DESIGNERS/MANUFACTURERS

AGENCY No. of
COUNTRY MANUFACTURER LOCATION PERSON(S) Buoys
in BTIS
DENMARK Electronic Supply Co. Copenhagen, Mr. Claus Jacobsen
MFG Denmark -
ENGLAND Trinity House London, Capt. Malcolm Edge 34
Authority England Capt. John Barnes
Trinity House - Harwich, Capt. Evans
Harwich Depot England -
Gloucester Harbor Gloucester, Mr. R. G. House
Trusteas England Capt. Allen Beyer -
Hr. Gerard
City of Bristol Bristol, LCOR. E.M. Bradley
Conssrvancy and Pilotage England LCDR, W.J.H. Coles -
Dapartsent .
ENGLAND Nautical Institute London, Mr. Hichael Plumtridge
England -
Designer/ Thomm EM! Woking, Mr. Johs Itviag
. "Electronics, Ltd. England -
Midax Londen, Vice-Admiral
(Harine Systems) Ltd. Eagland 8ir lan McGeoch -
7Pharos Marine - ‘Brentford, See U.S5.-Auvtomatic 27
L England Power/fharos
‘Reinforced Plastic Lancing, Noais 6

Strnctuxea'(tcue:) Ltd.

England
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TABLE 2-1 A-Cont'd

LISTING OF WORLDWIDE SURVEYS AND INTERVIEWS

MAJOR NATIONAL NAVIGATIOH AUTHORITIES AND DESIGNERS/MANUFACTURERS

AGENCY No. of :
COUKTRY MAKUFACTURER LOCATICN PERSON(S) Buoys i
' in BTIS ¢
ENGLAND HIPPO Marine Products Tonebridge, Mr. John Wickham
England 1
Designer/ Balmoral Nav-Aids Aberdeen, Mr. David Robertson 24
MFG. Scotland Mr. Doug G. Marr
Firdell Multiflectors London, Dr. Steve Bell
Limited England -
FINLAND Merenkulkuha'litus Helsinki, Mr. Klaus Martonen
{Finnish National Finland Mr. Timo Rekonen 10
Authority Board of Navigation)
FINLiND KH# Pipe, Ltd. Vaasa, Mr. Jouko Hyttinen
KFG. Finland Mr. Keijo Malmberg 1
Rencomarins, Ky Porvoo, Mr. Raimo Niitynen
Finland Mr. Errki Viljakainen -
FRANCE Service Technique des Paris,' Mr. Jean-Yves Chauviere 15
Authority Phares et Balises France Mr. Jacques Rover
Headquarters
International Association Paris, Mr. Norman Matthews ~
of Lighthouse Authorities France
(IALA)
FRANCE Gisman Paris, Mr. Thierry Houchard 2T
MFG. France
GERMANY Bundesministerium fur Bonn, Dr. Ing. H. Hartung -
Verkehr Germany
Authority (Ministry of Transport)
7 ; ;
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TABLE 2-1 A-Cont'd

LISTING OF WORLLWIDE SURVEYS AND INTERVIEWS

Wbty

£ e

ACTURERS i

MAJOR NATIORAL NAVIGATION AUTHORITIES AND DESIGNERS/MANUF
AGENCY No. of .
COUNTRY MANUFACTURER FOCATION PERSON(S) Buoys b
in BTIS o
GERMANY Seezeichenversuchsield Koblenz, Mr. Helmut Kuhlbrodt 12
Authority (ATON R&D Center) Germany Mr. W. Gaschler
GERMANY Pintsch Bamag, GmbH Dinslaken, Mr. Gerd Wiehe 12
besigner/ : Germany
MFG.
F. Hebold GmbH Cuxhaven, Mr. Hartmut Hebold -
Germany
Compass GmbH Koblenz, Mr. Gustav Hovermann -
Germany
Weiselerbojen und Weisel, Mr. Ernst Knecht -
Maschinenbau oHG Germany
ITALY Resinex Offshore Iseo Mr. Alex Valentines 2
MFG. (Brescia)
Italy
Floatex Brescia, Mr. B.J.F. Zuurbier 1 ‘
Italy
JAPAN Maritime Safety Agency  Tokyo, Nr, Hiceki Noguchi 15 g
Authority Headquarters Japan Mr. Koujrou Katsume f
Mr. Shinozaki Masao
Mr. Masato Sakai
- Maritima Safety Agency Chiba, Mr. Hideki Noguchi
Chiba Buoy Bass Japan Mr. Narita - i
Mr. Tonaki
8 3
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TABLE 2-1 A-Cont'd

LISTING OF WORLDWIDE SURVEYS AND INTERVIEWS

MAJOR NATIONAL NAVIGATION AUTHORITIES AND DESI FACTUR ;
AGENCY No. of '
COUNTRY MANUFACTURER LOCATION PERSON(S) Buoys
in BTIS
JAPAN Ryokuseisha Corporation  Tokyo, Mr. Hiroo Todoroki 19
MFG. Japan Mr. Mitsuo Horiguchi
Gakuyo Tuki Kogyo Tokyo, Mrs. S. Miyamura
Co., Ltd. Japan Mr. Eifumi Miyamura
Mr. Hiroaki Noda -
Mr. Yasushi Okuyama
Mr. Shoichiro Ohara
Mr. Masahiro Kuramochi
Nippon Koki Kogyo Kawasaki, Mr. Nacmura Kitamura 5
Co., Ltd. Japan Mr. Tsutomu Emura
Mr. Katsuji Gotoh
Mr. Shim Kato
Zeni Lite Buoy Osaka, None 21
Japan
THE Ministerio Van Verkeer Schereningen, Mr. G. H. van der Ent 2
SEYRERLANDS en Waterstaat, The Mr. Hoekstra
Authority Directoraat-General Netherlands - Ing. A. Verbaan
Scheepvaart en Maritieme Ing. J.W. Ockhurst
Zuken (DGSM) Mr. A.P. Valstar
THE Stromag N.V./Pintsch Katwi jk, Mr. W.F.H. Scholten 5 :
SETRIRLANDS Bamag B.V. The Netherlands {
Designer/ Damen Shipyards Gorinchem Mr. Garrit W. Ruyter -
NFG. The Netherlands
Maritime Research Wageninger Capt. R. Tresfon
Institute Hetheriands The Mr. Dallinga -
MARIN Netherlands '




TABLE 2-1 A~Cont'd

LISTING OF WORLDWIDE SURVEYS AND INTERVIEWS

MAJOR NAT NAVIGATION AUTHORITIES AND DESIGNERS 'ACTURERS
AGENCY No. of
COUNTRY MANUFACTURER LOCATION PERSON(S) Buoys
in BTIS
THE Marine Analytics, D.V. Rotterdam Mr. C.C. Glandsorg -
NETHERLANDS The Netherlands
Designer/ All Marine Rotterdam Ir. Henk Keers 1
MFG. The Netherland Capt. Puud E. Behrend
(Cont.) Capt. Ben Latooy
NORWAY Kystdirektoratet Oslo, CDR. Svein Ording 6
(Norwegian Coast Norway CDR. Eirik I. Sire
Authority Directorate)
NORWAY Ticon Plast A/S Drammen, Mr. Svein Landaas 11
MFG. Norway
UsA U.S. Coast Guard Washington, See Ref: 29 51
Authority D.C. &
Groton, CT
USA The Gilman Corporation Gilman, Mr. Richard L, Gilman 1
Conn. Mr. George M. Greider
Designer/ Racal Survey, Inc. Houston, Dr. James E. Alezander -
G. Texas
Automatic Power Houston, Mr. David Adams 19
Texas Mr. Inaki Garabieta
Tideland Signals Houston, My. Harry 11
Taxas J. Saenger

10
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TABLE 2-1 A-Cont'd

LISTING OF WORLDWIDE SURVEYS AND INTERVIEWS

MAJOR NATIONAL NAVIGATION AUTHORITIES AND DESIGNERS/MANUFACTURERS

AGENCY No. of
COUNTRY MANUFACTURER LOCATION PERSON(S) Buoys
in BTIS
USA Urethane Technology Port Allen, Mr. C. R. Dunbar 3
Louisiana
Designer/ Benthos, Inc. N. Falmouth, Mr. Kevin McCarthy -
MFG. Massachusetts Mr. Joel Rezzo
{Cont.) .
Woods Hole Oceanographic Woods Hole, Mr. Henrj 0. Berteaux -
Institute Massachusetts Mr. Peter Clay
Heat Transfer St. Louis, Mr. David "Cau-Tu" Wong
Systems, Inc. Missouri
Mooring Systems, Inc. Monument Beach Mr. Peter Clay -
Massachusetts
Seaward International Clearbrook, Mr. John R. Hill 1
Virginia
Alu Power, Inc, Warren, Mr. Robert P. Hamlen -
Neq Jersey
Rotocast Plastic Brownwood, Mr. David Fair
Products, Inc. Texas

11
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TABLE 2-1 B

LISTING OF CONTACTS WITH OTHER COUNTRIES'

NAVIGATION AUTBORITIES, MANUFACTURERS AND DESIGNERS

AGENCY
COUNTRY MANUFACTURER LOCATION PERSON(S)
Australia Department of Transport Canberra, Mr. D. Langford
and Communications Australia
Belgium Administration de la Brussels, Mr. L. Van de Vel
Marine et de la Belgium
Navigation Interieure
Chile Direccion General Valparaiso, Capt. Estanislau
Territorio Maritimo Chile Sabeckis Arre
Y Marina Mercante
Technical Equipment Vira Del Mar Cmdr. (Ret) Gonzalo F.
International, Inc. Ruiz
Beacon Chile LTDA Valparaiso Mr. Carlos Patricio Arias
Equatorial Direccion General De Malabo, Mr. F. Biahute Mateu
Guinea Puertos Y Senales Equatorial Guinea
Hong Kong Government Marine Hong Kong Mr, R.H. Parry
Department
India Department of Lighthouses New Delhi, Mr. K. Sriram
and Lightships India Mr. K.V. Mohan Rao
ANA Navaids, Ltd. New Delhi, Mr. Harbans 8. Grewal
India
Ireland Commissjioner of Irish Dublin, Mr. J.J. Doyle
Lights Ire!and Mr. M.B. McStay

Mr. 8.G.R, Ruttle
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TABLE 2-1 B-Cont'd

LISTING OF CONTACTS WITH OTHER COUNTRIES'

NAVIGATION AUTHORITIES, MANUFACTURERS AND DESIGNERS

AGENCY

COUNTRY MANUFACTURER LOCATION PERSON(S)

Malawi Ministry of Transport Malawi Mr. F.S. Chilalika

New The Marine Division, Wellington, Capt. D.W. Boyes

Zealand Ministry of Transport New Zealand

Nigeria Nigerian Port Authority Lagos, Capt. A.C. (Tony) Olughode

Nigeria

Paoples Shanghai Navigation Shanghai, ————

Republic Aid Factory PRC

of China

Saudi Saud{ Ports Authority Riyadh, m———

Arabia Saudi Arabia

Scotland Northern Lighthouse Edinburgh, Sh. Pr. R.R. Taylor
Board Scotland

South South African Harbors Braamfontein Mr. J.H. Collocott

Africa South Africa

Sweden  The National Swedish Norrkoping, Capt. Kjell-Ake Reslow
Administration of Sweden Capt. T. Edenius
Shipping and Navigation Mr. Christer Wolinder

Mr. Daniel Andersson
Mr. Christian Lagorwall
13
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QUESTIONNAIRE L

NEW BUOY SYSTEMS
BUQY TECHNQLOGY SURVEY 5;
i

Qrganization: N
Full Name: : .
Address: 55

Tel No.: iy
Fax No.: H

Person Resgponding: i
Name: P
Title:

i W N : tii
o) Types of Buoys designed/Manufactured /or Used:

o Environments in Which Buoys aAre deployed:

TABLE 2-2

14

S e - T T NN v eEA AN PR 39 R Y 2w




Yoottt |

T NG
s ¢ oy

s
[Se—

16 S
e aw Ly

LT

Qr 1 ign wn _to be Desi T Man 8y
Systamsg:

Publish D a Ref n v t R nd 20
Syoy Systems:

2 the A v 3y
Systems:

Ihe Extent and Impact ¢f Conformance with IALA Buov Requlations:

Ligt of Attachmenta (Note #2):

Notes ,

#l. Please use additiocnal sheets if the space provided in this
questionnaire for individual entries is not sufficient for your
response.

#2. Please list any attachments to the Questionnaire that you may
wish to provide such as copies of papers on buoy systems, buoy
specifications, brochures, catalogues, etc. under this entry.

#3. Pleass mail or FAX coapleted Questionnairce to!

M. Rosenblatt & Son, Inc.

350 Broadway

N." thko W 10013 - UOSOAI

Attention: Nedret S. Basar

Tel.: (212) 431-6900 FAR: (212) 334-0837

TABLE 2-2
Continued

15

e e L A KON s IR N Ty U H St & ALK AR NN A Atz i




371 3uoy Recerd

u

=

-

[

o

-

o

"

L)
Etamad S
s v

GENEMAL INTOAMATION
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| PHYSICAL CHARACTERISTICS

I Sucy Weighe: Lbe.

- e wB >

3ucy Oraft: . re.
oversll Sucy langth! . re.

Focal Height of Light: SRR AT
Bucy Seam of Dismetar: U {2 :
! rreebosrd  No Meemingt  _ _ . . . Tt
Mindmums  _ _ - .o TS
Pounds Per Inch lamersiont _ _ . . . Lbe.
vetacantric Height: . .

i C BN _J - =

Resasve Buoyancy! Lhs.

Wave m““m‘ PP
canstructicn Medamiall
Hull el
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caating/Coloring Syaten:
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Subdivision:
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Moosing Linet $ize: . In.
TYpe!

Sinker Sisze: LBe.
Topmark TYDO! _ | L - -
Number of Peadeyes: _

- e W e W W W W P W W B W W W W

- W G W G W W WD W W W W W

CPERATING CRAMCTERISTICS
COOrating ENVATONBEEE! _ | _ @ mcwcwmomcanoe e~
Nominal Visual Range of Deymask: _ _ . _ Nai,
Radar Range: : « . Nak,

wanisus Curreatt e - R
uooring Depehs Wiatmamt _ _ TV

Mazimust | . TS
Reflective Mnoania) Typei
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[
Preparacion: $
venthly Servicing: $

Service Life: - o frs,
Mainctenance latesval: - o Mes.

Maiatenancs Notss:
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Special Features:

Stadslity Notest
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Beam
Country of Use ) Buoy Name Ft. Drawing Reference
Australia 8 x 28 LIGHTED BUQY 8.00 Aust-~1l
Canada FA-1001 1.4M LR 4.59 Canada . & 4
Canada FA-1004 1.8m LR 6.07 Canada 1 & S
Canada FA-1007 2.9m LBR 9.58 Canada 1 & 6
Canada FA-1010 2.9m LWR 9.58 Canada 1 & 7
Canada FA-1015 3.0m SCOW _ 5.00 Canada 1 & 8
Canada FA-1017 1.8m LR 6.07 Canada 1 & 9
Canada FA-1019 1.5m DISCUS 4.92 Canada 1 & 10
Canada FA-2001 0.8m Coastal Can 2.62 Canada 2 & 11
Canada FA-2002 0.8m Coastali Conical 2,62 Canada 2 & 12
Canada FA-2003 1.2m Coastal Can 3.94 Canada 2 & 13
Canada FA-2004 l1l.2m Coastal Ccnical 3.94 Canada 2
Canada FA-2005 1.6m Coastal Can 5.25 Canada 2 & 14
Canada FA-2006 1.6m Coastal Conical 5.25 Canada 2 & 15
Canada FA-2007 2.0m Coastal Conical 6.56 Canada 2 & 16
Canada FA-2008 0.9m River Conical 3.00 Canada 2 & 17
Canada FA-2009 (0.9m River Can 3.00 Canada 2 & 18
Canada FA-2010 1.2m River Conical 4.00 Canada 2 & 19
Canada FA-2011 1.2m River Can 4.00 Canada 2 & 20
Canada FA-2012 Q.6m Mackenzie River~C 2.00 Canada 2 & 21
Canada FA-2013 0.6m Mackenzie River-N 2.00 Canada 2 & 22
Canada FA-2014 Canol Type Boat 1,67 Canada 2 & 25
Canada FA-2015 0.4m Mackenzie River-C 1.51 Canada 2 & 23
Canada FA-2016 G.4m Mackenzie River-N 1,51 Canada 2 & 24
Canada FA-3001 1.0m Ice, Can '3.31 Canada 3 & 26
Canada FA-3002 1.0m Ice, Conical 3.31 Canada 3 & 27
Canada FA-3003 0.7m lce, Can 2.25 Canada 3 & 28
Canada FA-3004 0.7m lca, Conical 2.25 Canada 3 & 29
Canada FA-3005 0.6m SPAR ©2.04 Canada 3 & 30
Canada , FA-3006 0.6m SPAR, (Short) 2.04 Canada 3 & 31
Canada FA-3007 0.3m SPAR, Ottawa Rvr 1.17 Canada 3 & 32
Canada FA-3008 Vari.Buoyancy FRP SPAR (.61 Canada 3 & 33
Denmark Integrated Modular Buoy 4.92 Denmark - 24
Denmark ' ’ Jernvagar I Type C Unlighted 0.00 Denmark 17
Denmark : Jernvager ! Type K Unlighted 0.00 Denmark 18
Penmark Jernvager Type S Unlighted 0.00 Denmark 19
Denmark : Lighted Racon Buoy Model 2 4.92 Denmark 16
Denmazk Type 11, Cylind. Top, Lighted 4.10 Denmark 10
Denmark Type 12, Conical Top, Lighted 4.10 Danmark 1
- Denmark Type 13, Cylind. Top, Lighted 4.92 Denmark 11
Denmark Type 14, Conical Top, Lighted 4.92 Denmark 2
Denmark - Type 15, Cylind. Top, Lighted 5.58 Denmark 15
Denmark Type 16, Conical Top, lLighted 5.58 Denmark 8
Denmark o Type 21, Cylind. Top, Lighted 3.6) Denmark 12
Lenmark , Type 22, Conical Top Lighted 3.6) Denmark 3
Denmark 4 Type 25, Cylind. Top, Lighted 3.61 Denmark 14
Cenmark : Type 26, Conical Top, Lighted 3.61 Dérmark S
Denmark o Type 31, Cylind. Top, Lighted 3.61 Denmark 13
_Denmark . Typs 32 Conicasl Top, Lighted 3.61 Danmark 4
Danmark : - Type 43 Ocean Conical, Lighted 9.43 Denmark 6
peanmark , Type 52 Ocean Conical, Lighted 6.56 Denmark 7
Denmark Type 62 Conicsl, Lighted 4.92 pDetumark 9
TABLE 2-4

LISTING OF WORLDIOE BUOY RECORDS IN BTIS DATABASE
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Country of Use

Buoy Name

. Drawing

LA L LR LA A LA L AL LA B TR E Al i it el ol e R S g R

Denmark
Denmark
Denmark
Denmark
England
England
England
England
England
England
England
England
England
England
England
England
England
Engiand
England
England
England
England
England
England
England
England
England
Ergland
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England

England MFG 1

MFG

MFG

MFG
MFG
MFG
MFG
MFG
MFG
NFG
MFG
MFG
MFG
MFG

Pt e et ot ot P Jub g Pt s o P o

. High Focal Plane,

- EF10P

'EF235P

Vager I Unlighted

Vager II Unlighted
Vager III Unlighted
Vager 1V Unlighted

9'0" General Purpose Unlighted
10x50 LWBR
10x51 LWBR
Cardinal Class II Pillar Mk.

Cardinal Class I,
Cardinal Class I,

CTlass 1 Can

Class 1 Conical

Class 1 Spherical

Class 2 Can

Class 2 Conical

Class 2 Spherical

Class 3 Can

Class 3 Conical

Class 3 Spherical

Class 4 Can

Class 4 Conical

Class 4 Spherical

Class 5 Can

Class 5 Conical

Class 5 Spherical

Class V conical, lighted
High Focal Plane, 10x39 LWR

10x43 LWR
High Focal Plane, 10x44 LWR

Keel Type Auto CO2 Bell, Light

Keal Type Lighted Gas
Lighted Vessel wWatch

Short Pillar Lighted Acatylens
Small Electric Lighted, “Bury"

Spacial Can
Spherical Muoring
Spherical Top

Standard GRP 3 Meter Lighted.
5td 4 Pockat Lighted Acetylene

wrack/Nun

950 Series Marker (3.1x5.8 L)
EF120L Marker Buoy (3.9x9 L)
- EFLSL
- EF15P

Class V {(4.9x10 LR)
Class V (4.9x14 LR)
Class IV (5.9x13 LR)
Class IV (5.9x18 LR)
{6.6%13 LR) '
{6.6x18 LR)

Class IX1 (8.2x16 LR)
Class III {8.2x25 LR)
Ciass IT (9.8x18 LR)
Class IL (9.3x27 LR)
Class I (11.8x18 LR)

EF18L
EF20L
EF20P
EF2SL
EF30L
EF30P

EF36L
EF36P

TABLE -4 CONTINUED
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Class'ti(l;.8x27.ba),

10.00
10.00
10.00
10.00
10.00
6.00
10.00
5.00
3.7%
5.50
.75
9.82
10.00
3.83
3,11
3.94

- 4.92

4.92
5.91
5.91
6.55
6.56
8.20
8.20
9.84
9.84

11.81

11.81

Denmark
Denmark
Denmark
Denmark
England
England
England
England
England
England
England
England
England
Englangd
England
England
Englang
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England
England

England -

England
England
England
England
England
England
England
England
England
England
England
England
England

MFG
MFGQ
MFG

MFG

MFG
MFG
MFG
MFG
MFG
MFG
MFG
MFG
MFG

1-161-15 . -
1416 1-2
1-16 1-3 |

1-181-4
1-161-5

EREN
ppura——

1-1&1-8 -~

1«161-7

1-16 1-8

1-161-9
1-161<10
i-161-11

1-151-12 -

1-161-13
1-161-14

PR
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Country of Use Buoy Name Ft. Drawing Reference
England MFG 1 L1l (3.8 x 6.7 LR) 3.61 England MFG 1-1&1-16
j England MFG 1 L16 (5.3x9.2 LR) 5.25 England MFG 1-1&1-18
i England MFG 1 21 (6.9x12 LR) 6.89 England MFG 1-1&1-20
England MFG 1 L40 (13.1x18 LR) 13.12 England MFG 1-1&1-22
l England MFG 1 P11 (3.6x10 LR) 3.61 England MFG 1-1&1-17
% England MFG 1 Plé (5.3x13 LR) 5.25 England MFG 1-1&1-19
o England MFG 1 P21 (6.9x17 LR) 6.89 England MFG 1-1&1-21
England MFG 1 P40 (13.1x30 LR) 13.12 England MFG 1-1&1-23
i England MFG 1 SG2 Spar (1.3x20 LRS) 1.31 England MFG 1-1&1-24
! England MFG 1 SG7 Spar (1.3x17 LRS) 1.31 England MFG 1-1&1-24
* England MFG 2 Class II, Reinf. Plastic Struc 9.00 England MFG 2-1
England MFG 2 Class III, Reinf. Plastic Str. 7.00 England MFG 2-1
England MFG 2 Class V, Reinf. Plastic Struct 5.50 England MFG 2-1
England MFG 2 Class VI, Conical 3.50 England MFG 2-1
England MFG 2 Class VI, Dished 3.50 England MFG 2-1
England MFG 2 Reinforced Plastic Struct-SPAR 2.00 England MFG 2-1
England MFG 3 BC-21 Catamaran (6.6x9.8 LR) 6.60 England MFG 3-1 &3-2
England MFG 3 BC-22 Catamaran (9.0x16 LR) 3.02 England MFG 3-1 &3-2
England MFG 3 BS-13 (3.3x5.8 LR) 3.28 England MFG 3-1 §3-3
England MFG 3 BS-14 (3.6x5.7 LR) 3.61 England MFG 3-1 &3-3
England MFG 3 BS-16 (5.3x8.1 LR) 5.25 England MFG 3-1 £3-3
England MFG 3 BS-1830 (5.9x17 LR) 3.90 England MFG 3-1 &3-4
England MFG 3 BS-2230 (7.2x17 LR) 7.22 England MFG 3-1 &3-4
England MFG 3 BS-2240 (7.2x21 LR) 7.22 England MFG 3-1 &3-4
| England MFG 3 BS-2630 (8.5x17 LR) 8.53 England MFG 3-1 &3-4
England MFG 3 BS-2640 (8.5x20 LR) 8.53 England MFG 3-1 &3-4
. England MFG 3 BS-2650 (8.5x24 LR) 8.53 BEngland MFG 3-1 &3-4
i England MFG 3 BS-3030 (9.8x17 LR) 9.84 England MFG 3-1 &3-4
H England MFG 3 BS-3040 (9.8x20 LR) 9.84 England MFG 3-1 §3-4
England MFG 3 BS-3050 (9.8x24 LR) 9.84 England MFG 3-1 &3-4
§ England MFG 3 BS-41 MKII (7.6x21 LR) 7.55 England M7G 3-1 &3-3
i England MFG 3 BT-1115 (3.6x10 LR) 3.61 England MFG 3-1 &3-5
’ Eng.and MFG 3 BT-1125 (3.6x13 LR) 3.61 England MFG 3-1 &3-5
England MFG 3 BT-1830 (5,9x23 LR) 5.90 England MFG 3-1 &3-5
g England MFG 3 BT-1840 (5.9x26 LR) 5.90 England MFG 3-1 &3-5
England MFG 3 BT-2240 (7.2x25 LR) 7.22 England MFG 3-1 &3.-5
England MFG 2 BT-2250 (7.2x28 LR) 7.22 England MFG 3-1 &3-3
. " England MFG 3 BT-2640 (8.5x25 LR) 8.53 England MFG 3-1 &3-5
! England MFG 3 BT-2650 (8.5x28 LR) 8.53 England MFG 3-1 &3-3
- England MFG 3 ‘BT-2665 (8.5x35 LR) 8.53 England MFG 3-1 &3-5
England MFG 3 BT-3040 (9.8x25 LR) 9.84 England MFG 3-1 &3-5
England MFG 3 BT-3050 (9.8x28 LR) 9.84 England MFG 3-~1 &3-5
England MFG 3 BT-3065 (9.8x33 LR) 9.84 England MFG 3-1 §3-§
England Mfg-4 ELASTOMER "SOFT" BUOY 8.20 Englard Mfg «-1
Finland 1.0m x 10m Plastic Pillar 3.28 Finland 1, 4 & 5
Finland 1.6m % 14m Plastic Pillar 5.25 Finland 1
Finland 160mm x 6m Plastic Spar 0.53 Finland 1, 5 & 6
Finland 225mm x 6 m Lighted Plast.Spar 0.74 Finland 1, 5 & 6
Finland 225mm x 7m Plastic Spar 0.74 Finland 1, 5 6 6
\ Finland 3m 8 17 Steel Ice Buoy 9.84 Finland 1
I Finland 50/120 Plastic Spar Unlighted 0.36 Finland i &45& 5

~ Finland SU0mm x 6m Plastic Pillar 1.64 Finland

TABLE 2-4 CONTINUED

21

AR AW O G et g s s AV A o




Country of Use

Finland
Finland

Finland MFG-1

France
France
France
France
France
France
France
France
France
France
France
Francs
France
France
France
France MFG-1
France MFG-1l
Ge-many
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany MFG-1
Germany MFG-1

Buoy Name

JPK 130-1050 Steel Ice Bugy
JPK 130-550 Steel Ice Buoy
90/160 Plastic Spar

12 M3 Lighted Buoy With Tail
18 M3 Lighted Bucy With Tail
7.5 M3 Lighted Buoy With Tail
DELPHINE Flat Bottom Lighted
DELPHINE Improved Stability
Flat Bottom Lighted 5 cu. m.
Intermediate Buoy-Lighted
Lighted Marina Buoy

Marina Buoy-Cardinal Unlighted
Marina Buoy-lLateral Unlighted
NOLWEN Flat Bettom Form Tower
NOLWEN Flat Bottom lLattice Twr
NOLWEN II Type Lighted Buoy
NOLWEN Tail-Tube Sclar
Polyester Buoy

ARTEMIS Ligihted Buoy

DAPHNE Lighted Buoy

Inland lighted STD steel
Inland Unlighted STD Steel
Leuchttonne 61

Leuchttonne 61 with reflector
Leuchttonna 72

Leuchttonne 81 Emden
Leuchttonne B8l standard
Leuchttonne 8l-High Tower 1
Leuchttonne 8l-High Tower II
Modular Buoy

T-86 Conical Buoy-Unlighted.
T-86 Spar Buoy-Unlighted
Dpwtr Lt Buoy Type DW1BOG
Dpwtr Lt Buoy Type DW240G

Cermany
Germany
Germany
Garmany
Germany
Germany
Germany
Germany
Germany
Garmany

MFG-1
MFCG-1
MFG-1
MFG-1
MFG-1
MFG=-1
MFG=-1
MFG-1
MFG~1
MFG-1

Dpwtr
Dpwtr
Shalw
Shalw
Shalw
Shalw
Shalw
Shalw
Shalw
Shalw

Lt Buoy Type DW260G
Lt Buoy Type DW280G

wer
Wwtr
wtr
wer
wer
wtr
wer
Wtr

LT
Lt
Lt
Lt
Lt
Lt
Lt
Lt

.Buoy
Buoy -

Buoy
Buoy
Buoy
Buoy
Buoy
Buoy

Type
Type
Type
Type
Type
Type
Typé
Type

SW160E
SW200E
SW2208

SW2206 -

SW2406
SW260E
SW2606
SW3006

India Mfg-1
India Mfg-l
India Mfg-1
India Mfg-l
Italy MFG 1
Italy MFG 1
Ituly MFG 2
Japan

CP-2800 CATAMARAN BUDY
SKP~1600 Nav. Buoy

SKP-2500 NAYV BUOY

TT-2600 OPEN SEA NAV BUOY
Deapwater Tension Beacon
Standard Elastic Beacon
Elastic Bescon

L-1 (8.5x31 L) Battery Typs

TABLE 2-4 CONTINUED
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7.87
4.59
4.59
4.59
7.87
7.87
7.87
7.87
3.48
9.00
8.53
3.44
3.43
8.20
8.20
8020
8.20
8.20
8.20
8.20

11.48

4.92
4.92
5.91
7.87
8.53
9,19
5.25
C.00
7.22
7022
7.87
8.53

- 8.53

9,84
4.59
5.25
8.20

. 8.53

0.00
0.00
0.00
8.53

Finland 1,2 and 3

Finland 1 &
Finland 1 &
France - 12
France ~ 13
France - 11
France-14
France~15
France - 2
France - 1
France-10
France-10
France-10
France - 5
France - ¢
France - 6
France - 3
France-7, 8,
France MFG 1
France MFG 1
Germany-9
Germany-10
Germany-3
Germany-4
German=~5
Germany-11
Germany-6
Germany-8
Germany-7
Germany =~ 12
Germany-2
Germany-l
Germany MFG
Germany MFG
Garmany MFG
Garnany MFG
Germany MFG
Germany MFG
Garmany MFG
Germany MFG
Garmany MFG
Germany MFG
Germany MFG
Germany MFG
India Mfg
India M£fy
India Mfg
India Mfg
Italy MFG
ltaly MFG
Italy MFG
Japan 1 &

§ £ 1 3
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Country of Use Buoy Name Ft. Drawing Reference

Jepan L-1 (8.5x31 L) Wave Generator 8.53 Japan 1 & 2

Japan L-2 (9.2x34 L) Battery Type 9.19 Japan 1 & 5

Japan L-2 (9.2#34 L) Wave Generator 9.19 Japan 1 & 4

Japan L-3 (10.5x38 L) Battery Type 10.50 Japan 1

Japan L-3 (10.5x38 L) Wave Generator 10.50 Japan 1 & 6

Japan L-4 (20x53 LR) Wave Generator 19.69 Japan 1 & 7

Japan L-5 (13.1x23 LR) 13.12 Japan 1

Japan L-6 (16x25 LR) 16.40 Japan 1 & 8

Japan L-d4 (6.9x22 L) 6.89 Japan 1 & 9

Japan L-U (7.9820 L) 7.87 Japan 1 & 10

Japan Segiyosetoho Resilient Becon 4.92 Japan 13

Japan U-H Conical (NUN) 8.20 Japan 1 & 11

Japan U-H Cylinder (CAN) 7.22 Japan 1 & 11

Japan U-HP Plastic CAN 7.22 Japan 12

Japan MFG 1 LP~1A (7.2 ® 27 LP) 7.22 Japan MFG 1-3

Japan MFG 1 NKK 1.5m (4.9 x 22 LR) 4.92 Japan MFG 1-2

Japan MFG 1 NLB-1000 (3.28 x 15 L) 3.28 Japan MFG 1l-1

Japan MFG 1 NLB-600 (1.97 x 10 L) 1.97 Japan MFG 1-1

Japan MFG 1 NLB-80Q (2.62 x 12 L) 2.62 Japan MFG 1-1

Japan MFG 2 AB-200 (3.0 % 15 L) 2.95 Japan MFG 2-11

Japan MFG 2 CB-100 (1.6 x 5.9 L) 1.64 Japan MFG 2-14

Japan MFG 2 CB~-200 (1.6 x 9.3 L) 1.64 Japan MFG 2-13

Japan MFG 2 H-290 (4.9 x 19 LR) 4.92 Japan MFG 2-8

Japan MFG 2 M-250C (3.9 x 18 L) 3.94 Japan MFG 2-9

Japan MFG 2 M-350T (6.4 x 25 LR) 6.40 Japan MFG 2-7

Japan MFG 2 MLTV-10RA (5.9 x 57 LS) 5.91 Japan MFG 2-15

Japan MFG 2 MLTV-11S (6.6 x 56 LS) 6.56 Japan MFG 2-15

Japan MFG 2 MLTV-1G8RA (7.6 x 72 LS) 7:.55 Japan MFG 2-15

Japan MFG 2 MLTV-19RA (8.2 x 92 18) 8.20 Japan MFG 2-15

Japan MFG 2 MLTV-7S (4.6 x 36 LS) 4.59 Japan MFG 2-15

Japan MFG 2 M8-400 (7.9 x 20 L) 7.87 Japan MFG 2-6

Japan MFG 2 MS-500 (9.4 x 24 L) 9.84 Japan MFG 2-5

Japan MFG 2 SA-200 (1.6 x 13 L) 1.64 Japan MFG 2-12

Japan MFG 2 SAB-300 (3.6 x 18 L) 3.61 Japan MFG 2-10

Japan MFG 2 T-11 WAG (9.8 x 45 LR) 2.75 Japan MFG 2-1

Japan MFG 2 T-360S WAG (7.3 x 20 L) 7.25 Japan MFG 2-2

Japan MFG 2 T3-2 WAG (6.4 x 25 LR) 6.40 Japan MFG 2-3

Japan MFG 2 TS-300 WAG (4.5 = 21 L) 4.46 Japan MFG 2-4

Japan MFG 3 2CB-160 (5.3 x 23 L) $5.25 Japan MFG 3-1 & 3-3

Japan MFG 2 2CB~240D (7.9 x 13 L) 7.87 Japan MFG 3-1 & 3.3

Japan MFG 3 ZCB-350D (11.5 x 16 LR) . 11.48 Japan MFG 3-1 & 3-3

Japan MFG 3 2CB-603D (20%25 LR) _ 19.69 Japan MFG 3-1 & 3-3

Japan MFG 3 2S8-100 (3.3 x 29 LS) ©3.28 Japan MFG 3«1 & 3-4

Japan MFG 3 Z5B~-120 (3.9 x 35 LS) 3.94 Japan MFG 3-1 & 3-4

Japan MFG 3 25B-140P (4.6 x 40 LS) 4.59 Japan MFG 3-1 & 3-4

Japan MFG 3 288-160 (5.3 x 37 LS) 5.25 Jepan MFG 3-1 & 3-4

Japan MFG 3 25B-210 (6.9 x 49 LS) 6.89 Japan MFG 3-1 & 3-4

Japan MFG 3 258-220W (7.2 x 78 LS) 7.22 Japan MFG 3-1 & 13-4

Japan MFG 3 258-240 (7.9 x 86 LSR) 7.87 Japan MFG 3-1 & 3-d

Japan MFG 3 258-280 (9.2 x 95 LSR) 9,19 Japan MFG 3-1 & 34

Japan MFG 3 2SB-300 (9.8 x 117 LSR) 9.84 Japan MFG 3-1 & 3-4
3 25B-320 (10.S x 133 LSR) 10.50 Japan MFG 3-1 & 3-¢4

Japan MFG
TABLE 2-4 CONTINUED
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Country of Use Buoy Name Ft. Drawing Referenca
Japan MFG 3 ZsB-60 (2.0 x 24 LS) 1.97 Japan MFG 3-1 & 3-4
Japan MFG 2 2sB-80 (2.6 x 24 LS) 2.62 Japan MFG 3-1 & 3-4
Japan MFG 3 ZWB-115 (3.7 x 18 L) 3.77 Japan MFG 3-1 & 3-2
Japan MFG 3 ZWB-1208 (3.9 x 9 L) 3.94 Japan MFG 3-1 & 3-2
Japan MFG 3 ZWB-130 (4.3 x 15 L) 4.27 Japan MFG 3-1 & 3-2
Japan MFG 3 ZWB-160 (5.3 x 20 L) 5.25 Japan MFG 3-1 & 3-2
Japan MFG 3 ZWB-250 (8.2 x 30 L) 8.20 Japan MFG 3-1 & 3-2
Netharlands 12.5M3 Light buoy (10.5x19 LR) 10.50 Netherlands 1 & 3
Netherlands 6.5M3 Light buoy (8.4x17 LR) 8.40 Hol 2 & 3
Netherlands MFG-1 Solar Buoy Type SW16CEZ 5.25 Netierlands MFG 1-1
Netherlands MFG-1 Solar Buoy Type SW1B0B2Z 5.91 Netherlands MFG 1-2
Netherlands MFG-1 Sclar Buoy Type SW200EZ 6.56 Netherlands MFG 1-3 .
Natherlands MFG-1 Sclar Buoy Type SW220EZ 7.22 Netherlands MFG 1-4 .
Nethaerlands MFG-1 Solar Buoy Type SW260E2 8.53 Netherlands MFG 1-3 .
Netherlands Mfg-2 ALL WEATHER DUTY BUOY 6.56 Netherlands Mfg 2-1
Norway F-180/B-50 Lighted Steel Buoy 5.25 Norway -~ 5 :
Norway Seawater Battery Powered Buoy 7.00 Norway - 6

Norway Selco Type 26 Lighted Buoy 3.28 Norway - 4

Norway Selco Type S Spar Buoy 1.38 Norway-1

Norway SELCO Type 7 Spar Buoy 1.90 Norway - 2

Norway SELCO Type 8 Spar Buoy 2.63 Norway ~ 3

Norway MFG-1 SELCO Marker Buoy Type 26A 3.28 Norway - MFG-1-11
Norway MFG-1 SELCO Marker Buoy Type 26B 3.28 Norway - MFG-1-10
Norway MFG-1 SELCO Type 10 Spherical Buoy 4.0C Norway MFG-1-4
Norway MFG-1 SELCO Type 11 Discus Buoy 7.55 Norway MFG-1-5
Norway MFG-1 SELCO Type 16 Spar Buoy 2.30 Norway MFG-1-6
Norway MFGel SELCO Type 23 Elliptical Buoy 2.00 Norway - MFG-1-7
Norway MFG-1 SELCO Type 24 Spherical Buoy 4.00 Norway - MFG-~1-8
Norway MFG-1 SELCO Type 25 Spherical Buoy 4.00 Norway MFG-1-9
Norway MFG-l - SELCO Type 4 Spar Buoy 1.35 Norway - MFG-1l-1
Norway MPEG-1 SELCO Type 6 Spar Buoy 1.90 Norway MFG-1-2
Norway MFG-1 SELCO Type 9 Spherical Buoy 4.00 Norway MFG-1-3
Paoples Rep of China HF 2.4 - D1 LIGHTED BUOY 8.00 China, Mfg 1-2
Paoples Rep of China WAVE POWERED LIGHT BUOY 7.87 China Mfg 1-1

South Africa DOUBLE HULL LIGHTED BUOY 6.46 S, Africa-l

USA 1 CR, 1952 Type Standard 5.00 USA-20

USA 1 NR, 1952 Type Standard 5.00 USA-21

USA 2 CFR 6.00 USA 42

USA 2 CR, 1952 Type Standard 4.00 USA-22

USA 2 NFR 6.00 USA 42

USA 2 NR, 1952 Type Standard 4.00 USA-23

Usa 3 CFR 5.00 USA 43

USA 3 CI, 1982 Type Standard 2.30 USA-26

USA 3 CR, 1952 Type Standard 3.00 USA-24

USA 3 NFR 5.00 USA 43

USA 3 NI, 1982 Type Standard 2.30 USA-27

USA 3 NR, 1952 Type Standard 3.00 USA-25

USA 3-1/2x8 LR, 1965 Type Standard 3.50 USA-15

USA 4 CFR 4.00 USA 44

USA 4 CR, 1952 Type Standard 2.25 USA-28

USA 4NFR ' 4.00 USA 44

USA 4NR, 1952 Type Standard 2.295 USA-29

- TABLE 2-4 CONTINUED
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Country of Use Buoy Name Ft. Drawing Reference
USA 5 CFR 3.00 UsA 45

USA 5 CI, 1981 Type Standard 2.30 usa-30

USA 5 CPR, 1972 Type Standard 2.33 USA-32

USA S NFR 3.00 USA 45

USA 5 NI, 1981 Type Standard 2.30 USA-31

USA 5 NPR, 1972 Type Standard 2.33 USA-33

USA 5X11 LR, 1965 Type Standard 5.00 USA-14

Usa 6 CFR 2.00 UsAa 46

usa 6 CPR, 1972 Type Standard 2.33 UsAa-38

Usa 6 CR, 1952 Type Standard 1.50 USA-34

usa § CT, 1952 Type Standard 1.50 USA-36

USA 6 NFR 2.00 USA 46

USA 6 NPR, 1972 Type Standard 2,33 USA-39

USA 6 NR, 1952 Type Standard 1.50 USA-35

Usa 6 NT, 1952 Type Standard 1.50 USA-37

usa 6X20 LBR, 1962 Type Standard 6.00 Usa-12

USA 6X20 LR, 1962 Type Standard 6.00 USA-11

USA 7X17 LR, 1962 Type Standard 7.00 USA-10

UsSa 7¢20 LI, 1982 Type Standard 7.00 uUsa-13

USA 8X26 LBR, 1962 Type Standard 8.00 uUsa-7

USA 8X26 LGR, 1962 Type Standard 8.00 uUsAa-8

Usa 8X26 LR, 1962 Type Standard 8.00 USA-6

UsA 8X26 LWR, 1962 Type Standard 8.00 usa-9

USA 8%26 WR, 1962 Type Standard 8.00 uUsa-19

UsSA 9x20 BR, 1962 Type Standard 9.00 USA-17

USA 9x20 GR, 1962 Type Standard 9.00 UsAa-18

USA 9X32 LBR, 1962 Type Standard 9.00 usa-2

usa 6X32 LGR, 1962 Type Standard 9.00 uUsa-3

Usa 9X32 LR, 1962 Type Standard 9.00 usa-1

USA 9X32 LWR, 1962 Type Standard 9.00 uUsa-4

USA 9X35 LR, 1983 Type Standard 9.00 UsSA-5

USA Discrepancy Buoy 4.00 USA-16

usa FCPR Buoy 4.25 USA-40

USA FNPR Buoy 4.25 USA-41

USA MFG 1 SAB-12 Sent, Articulated Buoy 6.00 USA MFG 1-9

USA MFG 1 $B-138 Sentinel 5.75 USA MFG 1-4

USA MFG 1 SB-510 Sentinel 5.67 USA MFG 1-3

USA MFG 1 8B-612 Sentinel 6.00 USA MFG 1-2

USA MFG 1 $B-826 Sentinel Series C 8.00 USA MFG 1-1

USA MFG 1 SB1M Buoy 3.28 USA MFG 1-8

USA MFG 1 §B2.5M Buoy 8.20 USA MFG 1-6

USA MFG 1 SB2M Buoy 6.56 USA MFG 1-5

USA MFG 1 $SB3M Buoy 9.84 USA MFG 1.7

USA MFG 1 SF«5 Spar Buoy 0.50 USA MFG 1-10

USA MFG 1 UF-210 Spherical Buoy 2.00 USA MFG 1-11

USA MFG 2 BA-17C (1.786.7 C) 1.67 USA MFG 2-1 & 2-9
USA MFG 2 BA~17N (1.7x7.2 N) 1.67 USA MFG 2-1 & 2-9
USA MFG 2 BA-28C (2.3x7.3 C) 2.33 USA MFG 2-1 & 2-9
USA MFG 2 BA-28N (2.3x7.7 N) 2.33 USA MFG 2-1 & 2-9
USA MFG 2 BA-323C (1.7x5.5 C) 1.67 USA MFG 2-1 & 2-9
USA MFG 2 BA-323N (1.7x5.5 N) 1.67 USA MFG 2-1 & 2-9
USA MFG 2 BC-3, Clasg III (3X8 CR) 3.00 USA MFG 2-7

TABLE 2-4 CONTINUED
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BC~4, Class II (4X14 CR)
BC-5, Class I (5X18 CR)
BL-250 (2.5X12 L)

BL-358 (3.5%8.5 LR}
BL~511 (5X12 LR)

BL-620 (6X20 LR)

BL-717 (7X17 LR)

8L-826 (8X27 LR)

BN-3, Class IXI (3X% NR}
BN-4, Class II (4X15 NR)
BN-S, Class I (5X20 NR)
Buoyant Beacon

5 CFLR

CM30

MBP-60

RM-30

ELASTOMER/FOAM SPAR BUOY
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Schematic representations of the largest steel ATON Buoys currently
in use by each cf the nine countries' navigation authorities and by the USCG
in the United States are shown in Figures 2-1 through 2-.0 in alphabetical
order of the country names. As seen, the diameters of these largest buoys
range
from approximately 8ft. to slightiy more than 10ft. and all except one, i.e.
that of Finland in Figure 2-4, are lighted offshore buoys Finland's largest
steel buoy is an offshore ice buoy.

Synopses of the surveys and interviews conducted in each country
with the navigation authorities are presented in Section 2.1. More detailed
records of the interviews are included in Appendix A.1. Similarly, the
synopses of interviews with manufacturers/designers are glven 1n Section 2.2
and detailed records in Appendix A.2.

Results obtained from interviews at the IALA headquarters in Paris,
France are discussed in Section 2.3. Additional information received from
contacts with representatives of other countries' navigation authorities and
manufacturers are presented in Section 2.4 and synopses of interviews included
in Appendix A.3.

In Section 2.5 an effort is made to screen the individual sources’
data on buoy technology and to identify any inncvative applications or
designs, suggestions made by some of the spurces for further research and
development on ATON buoys, and any problem arsas that have been identified by
the specific sources with regard to buoy design, manufacture and operations.
The results of this effort are to ba utilined in Task C (Recommendations for
Development) of this study. - .

In presenting the results and findings for each country and each
manufacturer, notes are added at the end of the sections cross referencing the
respactive detail data sources for the sppendices as follows:

Interview Summary: Appendix A, Sections
Buoy Records ¢ Appendix B, _, Entries
Buoy Drawings : Appendix C, C- through C-

2.1 National Navigagiqn-hutgqrigte /

For each of the major navigation authorities interviewed in each
country, as identified by the USCG, a brief discussion is included in the
following subsections on the onrganization, functions and numbers/types of
buoys that are in use within the system. Also included in the discussions are
synopses of relevant buoy technology information obtained during the
interviews and visits. Additionally, brief extracts are provided of the
papers directly or indirectly relatad to ATON buoys presented to the IALA 90
Conference by eaca country. .
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2.1.1 Canada

2.1.1.1 Canadian Coast Guard

In Canada the national navigation authority is the Canadian Coast
Guard within the Ministry of Transport. CCG's "Aids and Waterways Division”
oversees the design and construction of all aid to navijgation systems
including floating buoys as well as the overall administration of the
nationwide ATON system. Actual operations control is accomplished by 10
different offices within five regions. The five regions are located in the
west (in Vancouver, B.C.); central (Toronto, ONT); Laurentides (Quebec, Que.);
Maritimes (Dartmouth N.S.); and Newfoundland (St. John's, NB). The district
offices are at the following locations:

District 1: Victoria, B.C.
District 2: Prince Rupert, B.C.
District 3: Hay River, N.W.T.
District 4: Parry Sound, ONT.
District §: Prescott, ONT.
District 6 Montreal, QUE.
Nistrict 7: Quebec, QUE.

District 8: Charlottetown, P.E.I.
District 9: Saint John, N.B.
District 10: Dartmouth N.S.

Many different types of buoys are being wused in the districts
depending on their environment. Figures 2-11, 2-12 and 2-13 represent
reduced-size jllustrations of all ATON buoys currently used in the CCG system.
They range from 2.9 m (9.5 ft.) to 1.4 m. (4.6 ft.) diameter steel buoys with
tail or skirt to discus buoys, scow buoys, can/conical/spar type ice buoys,
coastal and river buoys and CANOL type boat buoys. More detailed
illustrations of each type of buoy, including physical and operational
characteristics to the extent available, are contained in Appendix A-1. An
inventory of the buoys im the CCG ATON system as of March, 1987, is shown in
Table 2-5.

In addition to the steel buoys, Canada aiso has in use plastic and
foam buoys and some wooden spars. Plastic buoys are of Finnish manufacture
(KWH Pipe) and are manufactured in Canads. Foam buoys are made of Suriyn and
manufactured by Gilman Corp. im the U.S.A.

CCG is slowly solarizing many of their lighted buoys to eliminate
the need for battery changes. As of the date of the interview, solarization
had reached 30% of the lighted buoy population.

CCG contracts out all design and construction work for buoys to the
private sector. Aside from buoy construction in accordance with technical
specifications prepared by the CCG Headquarters and District Offices, some R&D
work had also been contracted. One design fixm (Sea Sectiom 2.2.1.2) was
developing design criteria for the buoys deployed by CCG. The study has since
bean conpleted and a preliminary copy of the results entitled "Navigational
Buoy Design Manual® was made ‘available to the project investigators by the
CCG.
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Another engineering consulting firm (ARdvanced Materials Engineering
Center -in Halifax, N.S.) is studying the use of composite materials for bucy
construction under a CCG contract. This study will, according to CCG, be
completed by the end of 1990. Also to be completed in 1991 is the final
version of the "Floating Aids to Navigation Manual” which will include
physical and operational data on scow, canol and boat buoys as well as
buoyancy data for the conical buoys in addition to all data existing in the
preliminary edition cited above.

Two of the CCG district offices were visited during this project:
CCG Base Prescott, CNT and CCG Base Charlottetown, PEI, and a telephcne
interview was conducted with CCG Base Halifax in Dartmouth, NS. The results
of the Base Prescott interview are discussed below in Section 2.1.1.2, Base
Charlottetown in 2.1.1.3, and the results of 2 telephone interview with Base
Halifax in 2.1.1.4.

Referencos for Additional Information:

Interview Summary : Appendix A, Section A.l.1.1

Buoy Records : Appendix B, 31 Entries, Pages B-4 through
B-124
Buny Drawings : Appendix C, Pages C-3 through C-35

Eight papers were presented to the IALA conference by authors from
Canada. Only three of these were directly or indirectly related to ATON
buoys; others discussed topics such as lighthouses, LORAN -~ C applications,
VIS systems, etc. Extracts from the three papers relevant to buoy technology
are presented below:

1. Paper No. 1.2.4, Reference 5, presents (in French language) the
methodolody used, the recossendations developed, and the action plan which
followed as well as comments on its implementation in a study to evaluate the
‘Marine Adds Organization' and tha service it provides. Included in the
investigations carried out for thie project are the £1oat1ng aid to navigation
bucys.

2. Paper No. 2.4.1, Reference 6, deals with the development of a
set of standard procadutea to snsure the consistent and equitable application
of national policies and gquidalines to ths selection of appropriate aids to
navigation in response to user yequasts. has procedures developed also
include the preparation of "Lavsl of Service® statepants covering efforts for
review and design of marine aids as well as for costing of designs for
decision making purposes.

3. Paper Ho. 3.2.5, Reference 7, deuscribes the buoy paint seystens
and facilities upgrading efforts undmrtaken by the Canadian Coast Cuard with
the objective of achiaving a total buoy system which is capable of extended
service without major maintanance. Extensive testing of buoy paint systems
has been carried out and it was found that extending the maintenance or
sexvice period to thiee years is easily achievable. It is reported that CCG
is planning to iMprove tha buoy maintenance facilities in all of its bases on
the basis of informat{on gained from the evaluation of a pxototype facility
constructed at the CCG Base in Prescott, Ontastioc.
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2.1.1.2 CCG Base Prescott

The C(CG Base in Prescott, Ontario is a modern installation with
complete facilities needed for constructing, outfitting, testing and servicing
buoys. Included among the facilities are separate shot-blasting and spray-
painting rooms, waterwash areas, buoy storage and curing areas and workshop
equipment including steel and aluminum welding capability.

During the Lakes' navigation season, the Prescott District has
approximately 1,400 buoys in place. The buoys are not repaired on site except
for minor replacement of parts when necessary. They are picked up by buoy
tenders and brought back to the base for repairs.

The following are a few of the more important points recorded during
the interview:

o Buoys used in the Lakes region are considered long-term
investments. Some of the current buoys are more tham 40 years
old and the number of buoy losses per year is very small.
Consequently, if a new buoy design is accomplished with integral
daymarks, solar panels, etc., it may prove to be more cost
affective in the long run despite the higher initial acquisition
cost.

o Since buoy tender operations are very expensive, about $6 to
$7,000 Canadian per day, any improvements in bnoy design and
zanufacture to ease the maintenance requirements should result
in considerable savings. Impact of the initial acquisition cost
on the life cycle cost of buoys is small.

o A complete listing of the buoy painting systems used by the CCG
is referanced in Appendix A Section A.1.1.1. The Lakes region
uses tha Epoxy coating system of AMERCOAT and also applies
AMERSHIELD for protection against ultraviclet rays.

0 Tha f{ollowing suggestions were made by CCG Basa Prescott for
considaration a5 iwmprovezments on buoy hull designs:

- Colid superstructures instead of latticework.

- Improving the venting of Lectery pockets for batter air
circulatsion.

- Compartsentation of buoy hulis to improve damaga stability.

Referentes for Additional Inforsation
Interview Susmaty : Appendix A, Section A.1.§.2

2.1.1.3 CCG Base Charlottetown

A brief visit was pmade to the CUG Base in Charlottetown, Prince
Edwacd Isiand, and a tour of tha base facilities wee afforded to the project
investigator. It was observed that Base Tharinitebowyy  fagilitien were not
neariy as developad as tie Bage Prescors {scilfties, o.9. there vera no
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90 paper, Reference #7, plans are currently underway by the CCG to improve the
buoy paint systems and facilities at all CCG bases including Base
Charlottetown on the basis of experience gained from the Prescott prototype
facility.

Base Charlottetown handles most types of steel, aluminum, foam, and
plastic buoys of the Canadian Coast Guard. Tests were conducted for several
years on plastic lighted winter spars, and reportedly additional spars will be
deployed this year. The intention is to leave the buoys on station for two
years with battery changes once a year. Also underway is a project to replace
srmall steel can and conical buoys.

References fot Additional Information

Interview Summary : Appendix A, Section A.1.1.3

2.1.1.4 CCG Base Halifax

The types of buoys handled in this CCG Base include 24" and 48"
styrofoam buoys. disc buoys of one meter diameter, and steel buoys up to 9'-6'
diameter. The buoys are deployed in small rivers, harbor entrances, sheltered
waters, and in open sea environments.

References for Additional Information

interview Summary : Appendix A, Section A.l.l.4

2.1.2 Denmark

The name of Denmark's national navigation authovity is
*FARVANDSVAESENET* (FV) which roughly ¢ranslates as “Seaway Administration®
and refers to the “Royal Danish Administration of Navigation and Hydrography®.
The nationwide ATON system includes 1,500 unlighted and 400 lighted buoys as
well as 1,000 spare unlighted and 200 spare lighted buoys. Schematic
representations of Denmark's buoys are shown {n Figure 2-14.

FV has experisented with GRP buoys in recent years and they have
found that thae GRP buoys were not suitable for Denmark's ATON buoy needs.
Consequently, oaly steal buoys are being used in marking the waterways. As it
can be sean in Figure 2414, the diaseters of bu.y hulls
range from 1.10 o {3.6 ft) to 2.87 m (9.4 £t} =and tha length from 6.2 m {20
ft) to 10.55 o (35 £t). All of the steul buoys used in Denmark are of their
own designs. FV stated that these buoys represent the result of many years of
expericnce and that thay are tailored to the warine eaviromsent in Denmark.

For powering lighted buoys, gas or batteries are used. Manganese or
Yithium primary batteries are replaced every 18 monthe. However when only

used between 7% and 500 of the time, the replacement cycle may extend fxow 2
to 2-1/2 years. *Kixk® type lanterna {NLF 325) are used on the lighted Luoys: -
these have been in sarvice for over 25 years and have provided 48 vandle - -

povier. :
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FIGURE 2-14

DENMARK'S ATON BUQYS
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No solar power application has been undertaken for ATON buoys in
Denmark yet. They have, however, conducted tests with wave generators on one
of the 1.7 m diameter (about 5.6 ft) Type 16 buoys. They feel that their wave
generator research has been quite successful. (See discussion on wave
generators as applird to a new design huoy below.)

FY stated that they are also using wind generators for illuminating
the superstructure of lighted beacons in connection with the Ocean Data
Acquisition System.

The number of buoys lost paer year in Denmark does not exceed 20 on
the average. Losses are mostly due to damage from collisions. Even though
the
losses are small in number, the costs are high, especially when RACON and
large lighted buoys are lost. The loss of one RACON buoy costs approximately
half a million Danish Krons ($78,000).

Buoy locations are not currently monitored and off-station buoys are
normally reported by mariners and users. However, FV stated that Denmark is
currently experimenting with the remote monitoring of buoys. A paper
presented to the IALA 90 Conference, Reference 8, includes a discussion of the
remote monitoring of buoy's status as applied to the deeign of a new
*Integrated Modular Buoy® which the Royal Danish Authority (FV) has been
developing since 19688. As reported therein, the buoy status data to be
monitored include the condition of the light beacon, the power supply. the
electronic equipmert and the actvual position of the buoy. The objective is to
make the installed electronic equipment in the buoy intelligant, so that they
can communicate by means of a radio link to a land-based computer in a "Buoy
Monitoring Center*. This will enable the FV to maintain a real-time, round-
the-clock control of the buoys and take immediate precautions in case of a
failure. FV foresees that additional payload may be installed on the
*{ntelligent buoy” to also allow its use as an environmental data buoy.

l-knot currents are common in Danish waterways and the depth of
water generally ranges from 20 m to 50 m (approximately 165 £t). Inland and
between islands, the depth of water is only up to 20 m. (66 ft.). FV does not
design new buoys to meet the needs of differing emvironmental conditions in
various locations but modifies the existing buoy designs to suit the intended
service.

Minor maintenance of buoys is accomplished by buoy tenders, but
sarvicing such as painting and repairs are done in "Buoy Depots®. One such
Buoy Depot {in Korsor, Denmark) was visited by the project investigator and
one of Denmark's two large (70 m i.e., 230 ft. long) buoy tenders, M/V ARGUS,
was also toured. Denmark also has two smaller buoy tenders of approximately
130 £t. length and about 30 ANT boats. A new 164-ft. long buoy tender is
currently under construction. The Korsor buoy depot has the facilities to
service, repair, overhaul all existing buoys and to modify them for any new
application.

As stated by FV, the buoy tenders are expensive to operate. The

annual cost of maintaining a lighted buoy runs approsimately to 100,000 Danigh
Krons (about $16,000}.
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It is reported in Reference 8 that the design of the new lighted
*Integral Modular Buoy® was based on new principles. The development project
called "PRO UDLYST" by the Danish (meaning the Lighted Beacon Project) had the
following objectives (as quoted from the paper):

o To develop a floating ATON buoy which can remain on location for
longer periods of operation without inspection, service and
maintenan:e.

o To reduce the acquisiftion and maintenance costs during the
buoy's iifetime.

o To establish the possibility of monitoring the status of the
buoy by means of radio communication.

© To establish the possibility of monitoring the marine
environment.

In order to accomplish these objectives, the project has been
investigating buoy materials, preservation and non-toxic anti-fouling methods,
buoy design criteria, mooring systems and materials, radar reflectors, light
beacons, renewable power sources, protecticn against ice damage, remote
monitoring and facilities for environmental data collection.

An illustration of the "Integrated Modular Buoy”* is shown in Figure
2-15 as reproduced from Reference 8. Anmong the materials considered for the
body of this buoy were stainless steel and reinforced plastics. The former
was found to be too expensive and the latter vulnerable to ice.

The following were considered or experimented with for use on this
buoy:

o Non-polluting, anti-fouling systems including sound-emitting

transducers.

0o Hooring materials with specific gravities less than water or
those provided with floats.

o A modular system of daymarks to enable the use of any type of
daymark only by changing the top. '

0 A radar reflector design that is integrated in the light buoy
structure.

0 A new low-energy light beacon.

0 A new prototype wave-powarad generator. This unit is in final
development stages; final tests, as reported, will be made in
1990.

o Precautions to reduce damage due to ice, including:
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- Reinforcing the buoy structure os well as encapsulating the
beacon and other equipment. _

- Designing the buoy tr slide under the drifting ice.
-  Withdrawing the buty when ire is expected to occur.

o Remote monitoring and eavironmental data collection (as briefly
discussed above).

The referenced paper discuses all of the above in greater detail and
provides further illustrationms.

References for Additional Information:

Interview Summary : Appendix A, Section A.l1.2

Buoy Records : Appendix B, 24 Entries, Pages B-131 through
B-219
Buoy Drawings . Appendix C, Pages C-39 through C- 52

2.1.3 England

The aids to navigation ir the United Kingdom and Ireland are
provided by the lighthouse services administered by the Corporation of Trinity
House, the Northern Lighthouse Board, and the Commissioners of Irish Lights.
Thesa lighthouse services are financed from light dues which are levied on
vessels loading or discharging at ports in the United Kingdom and Ireland and
are based on net or net registered tonnage. The dues are paid into the
General Lighthouse Fund which is under the trusteeship of the Department of
Transport.

The Corporation of Trinity House is the General Lighthouse Authority
for England, Wales and the Channel Islands, providing lighthouses, light
vessals,buoys and beacons. Personnel from Trinity House were interviewed
during the svrveys and the findings are discussed in this section.

The Northern Lighthouse Board is responsibie for the waters of
Scotland and the Isle of Man. The Commigsioner of Irish Lights is responsible
for the waters of both Northern Ireland and the Republic of Ireland.
Discussions with some of their personnel were held during the 1990 IALA
Conference and are reported in Saction 2.4.

Local harbor authorities have cognizance over activities in their

areas but must obtain approval from the three major lighthouse authorities for
additions to or changes in aids to navigation in their systems. Few of these,
the Gloucester Harbor Trustees and the City of Bristol Conservancy and
Pilotage Department, both under the authority of Trinity House, were visited
during the surveys and the results are presented later in this section.

Twelve papers were presented to the IALA '9) conference by authors

from England. Five of these were directly related to ATON buoys and extracts
of these ate presented below: : '
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1. Paper No. 1.4.4, Reference 9, by the Nautical Institute (see
Section 2.2.3.5) discusses how to meet the navigational requirements of the
mariner based on a systems approach. The systam described is an overall
system which includes as its elements the mariner himself, the presentation of
navigational information and the Navaids used in the system. The standpoint
is that of the mariner: how he sees himself working within the system, what he
requires of the system and finally what is to the user an ideal system. The
various major equipments available, or likely to be in the foreseeable future,
are considered as possible components of the system. The paper concludes by
stating the mix of Navaids that appear best-suited to meet the mariner's
requirements. They state that clearly no one system can meet all the
requirements of the various phases of navigation and there is a requirement
for various aids. The UK Department of Transport in its consultative document
remarks that "Radionavigation aids are complemented by visual aids of lights
and buoys, of which a basic system will continue to be necessary to mark
hazards and navigable channels and give visual confirmation of a ship's
position." Visual marks will remain therefore.

2. Paper No. 2.4.5, Reference 10, by Trinity House, presents a
computer database system to aid Trinity House in discharging its
responsibility to make periodic inspections of all the aids to navigation
within {ts area which are maintained by local authorities, which includes
major ports and harbors. There are some 8,000 local aids which range from
major lighthouses to unlighted beacons. The database can be used to ascertain
what authority is responsible for a known aid or aids in a particular
location, what aids are maintained by a known authority, or the
characteristics of a particular aid.

J. Paper No. 2.4.8, Reference 11, by Trinity House, discusses the
power requived of an aid to navigation as an important consideration in
deciding its range. The objectives are to categorize aids to navigation by
power requirements and secondly to assess the most economical power source for
these categories. The conclusions are that the reguirements for long-range
lights and fog signals can have a disproportionate effect on costs bacause of
the power needed, and solar energy is the most economical source of power for
requirements of a few Watts, wind or wave energy for tens of Watts, and
cycle - charge diessl for bundreds of Watts.

4. Paper No. 3.6.6, Reference 12, by AB Pharos Marine, Ltd., United
Kingdom, presents a new wave powered generator system for buoys. In this
system, shown in Figure 2-16, the motion of the buoy is sent to stretch and
relax a special hose contained within the mooring system. The resulting
pumping action drives a small turbine. The system can be installed in both
new and existing ekirt keel buoys and useful power is generated 24 hours a
day, even in relatively sheltered waters. The paper susmarizes the results of
developmant work and trial activities and outlines  the wide areas of
application of this techanique.

5. Paper No. 1.2.3, Reference 13, by the General Lighthousa
Authorities (GLA) of the UK and Ireland dascribes the review criteria which
have been formally adopted by GLA for assessing the requirements for aids to
navigation. The consultation process from which they aross is also described
and reference is made to the comson ground which exists with the IALA
NAVGUIDE. With regard to floating aids to mavigation they note the future
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prospects and critical factors are that a continuing demand is expected and
that the introduction of retro-reflective surfaces would be valuable on

unlighted buoys.

2.1.3.1 The Corporation of Trinity House Lighthouse

Services

The Corporation of Trinity House Lighthouse Service, London, is a
unique maritime organization which throughout its long history has had as its
prime objective the safety of shipping and the welfare of seafarers. In
addition to its ATON activities it provides a charitable organization for
relief of mariners and their dependents who are in financial distress and a
deep sea pilotage authority. It is not a governmental organization but it
was created by an act of Parliament.

Trianity House headquarters are in London. Buoy tending and
maintenance operations are carried out from buoy depots at Harwich, Great
Farmouth, East Cowes, Isle of Wright, Penzance and Swansea. The Harwich depot
was visited during the surveys and the findings are reported below.

Trinity House is responsible for approximately 600 buoys, which arxe
located in exposed waters, not harbors. Their largest class of buoy is 4
meters in diameter, 50' high, weighs 12 tons and has a 7 mile light. All of
their deep water buoys are 3 £t. to 10 ft. in diameter and of Class I, high
focal plane tail tube type as shown in Figqure 2-3, or Class II skirt type as
shown in Photograph 2-1. The buoys are of their own design, in steel which
they believe is more resistant to the collision damage their buoys are exposed
to. Their latest steel buoy design, the Class II shown in Photograph 2-1, has
a standard hull on which different superstructures cam be mounted. Note also
the use of a slat covered frame superstructure to obtain shape significance.
They have very few fiberglass buoys but a standard 3 meter GRP buoy is shown
in Figure 2-17.

Trinity House is currently more concerned with the power sources
than with the buoy itself. FPor many years, until recently, they utilized
acetylene gas lights. Now their buoys are solar powered with batteries.

Trinity House operatas two lighthouse tenders, THV PATRICIA AND THV
MERMAID, which are purpose-built vessels constantly employed at sea to support
and maintain floating aids to navigation. These tenders are described in
Reference 14 and their operating cost {s 296 pounds/hour on a 24 hour basis.
Buoys are visited once each year, hauled and cleaned. They arve returned to
base every ¢ years, blasted, primed and covered with three coats of epoty.

References for Additional Information:
Interview Summary Appendii A, Section A.1.3.1

Buoy Recorxds : Appandix B, 34 Entries, Pages B-220 through
B-344
Buoy Drawings : Appendix C, Pages C-53 through C-68
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2.1.3.2 Trinity House Harwich Buoy Department

The Harwich Buoy Department (HBD) is located northeast of London and
serves the English North Sea buoys. The North Sea conditions are shallow
water with shifting sand whereas the coast conditions are deep ocean with
rocky bottom.

In the 1970's, the Trinity House tried a fiberglass Class II buoy
which did not work well. They had problems with the moorings, disintegration
of fiberglass, and fading of color. A number of smaller harbors in England
use Balmoral buoys which are available in a range of sizes from one to five
meters in diameter. Balmoral buoys had traditionally been constructed of foam
filled GRP but their newest buoys are of foam with an elastomer exterior (see
Sectiom 2.2.3.1).

Trinity House maintains an average level of spare buoys of 25%.
References for Additional Information:

Interview Summary : Appendix A, Section A.1.3.2

2.1.3.3 Gloucester Harbor Trustees

The Gloucester Harbor Trustees (GHT) are responsible for the river
Severn, at the headwaters of the Bristol Channel of the Southwestern portion
of England. They have 30 navigation aids of which 5 are buoys.

Whatever buoy the GHT installs must be approved by the Trinity
House.

Their buoys are of typical steel construction. The GHT had found
that steel corrodes quickly {n their estuarine environment and accordingly,
they have incorporated GRP superstructures on their buoys.

rences for Additional Information:
Interview Susmary : Appendiz A, Section A.1.3.3

2.1.3.4 Gity of Bristol Conservancy and Pilotaga Department

The port of Bristol is in the Southwestern portion of England. The
tidal range is 38 f£t. and the current ranges up to 4-5 knots. Like the GHT,
they must obtain Trinity House approval for thair actions.

They have two 2.5 meter diameter Hippo Marine (see Section 2.2.3.6)
polyurethane elastomer skin buoys with polyethylene foam interiors. These
buoys have solar panels and a battery compartment at ths top of the
superstructure. Reportedly, they work very well in cuxrent and survive
collisions. They have found that older GRP buoys crack in collisions with
sihips.
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References for Additional Information:

Interview Summary : Appendix A, Section A.1.3.4

2.1.4 Finland

In Finland, the aids to navigation are administered by the
*Waterways Department” within the Finnish Board of Navigation (FBN). The
Waterways Department consists o©of three divisions, i.e.: the "Waterways
Division®, the "Harbor Division" and the "Division of Aids to Navigation" the
Finnish name of which is "Merenkulkuhallitus®*. The responsibilities of the
ATON Division include the design, manufacture, installation and maintenance of
all buoys used in marking and maintaining the 12,700 kilometers (approximately
8,000 nautical miles) of Finnish navigation channels. Steel, plastic and
wooden spar buoys aand pillar buoys are used in addition to fixed structures in
marking the channels. Shown in Figure 2-18 are schematic representations of
standard navigation buoys. There were a total of 12,472 buoys in use at the
end of 1983; this number has increased to approximately 13,400 as of the end
of 1987. The breakdown of the 1983 buoy count by types is given in Appendix
A, Section A.1.4.

Fiqure 2-19 shows the dimensiuns, materials and equipment of the
typical plastic pillar buoy. :

FBN had developed a standard design for a steel ice buoy in 1970,
In 19689 a newer steel ice buoy was developed. The 1970 design 130 cm. by
1,050 cm, (4.27 ft. by 34.44 ft.) standard stee! ice buoy is shown in Fiqure
2-20 and the 1989 design in Figura 2-21. Table 2-6 shows a comparison of the
characteristics for the old and the new designs. As seen, the new design has
five compartments jnstead of the old design's four in order to provide more
protection against Finland's severe {ce environment. The maximum thicknesses
of level ice along Finland's coast are shown in Figure 2-22 as recorded during
the period from 1920 to 1980. It can be seen that the thickness day reach a
maximum of 120 cm. (nearly ¢ ft.) along the northarn coast. FBN's experience
is that flcating buoys, spar or pillar type, will only function properly in
fce thicknesses up to 30 cm. (1.0 f£t.) and therafore, outside of areas where
the ice thickness is greater than 30 cm., fixed structures are used. Steel
buoys are more resistant to wear and impact from tha ice. Plastic buoys are
subject to damage from ice ridges and drifting ice. Still however, the life
expectancy of plastic buoys is estimated to be about 10 years, whils wooden
buoys have to be discarded after one year.

The wave height criteria used :n designing buoys in Finland is shown
in Table 2-7 (Tables 2-6 through 2-10 are reproduced from Exhibit 1 of the
Summary Notes for Finland in Appendix A, Section A,l.4).

The FBY had conducted some tests on buoy motions and measured the
maximum tilts of standard ice buoys. Table 2-8 shows tho results. They ate
contemplating the development of a computer program to calculata the motions
of a floating buoy in the future.

The lighted buoys are powered by primary batteries only. FBN had
not used solar panels or wave gamerators fur powering buoy lights ever though
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STANDARD STEEL ICE BUOY

NORMAL ISBOJ AV STAL

New Type 0ld Type
Ny typ (1989) Gammal typ

Dimensions Same

Matt 1300 x 10 500 samma

Focal Height

Ljushéjd 4200 samma

Weight

Vikt 2468 + 1043 = 2200 + 1000 =
3.509 kg 3.200 kg

Radarreflektor 6st hérmreflektorer samma
t = 270 nug
Ax =24 m

Steel Grade

Stal RAEX 480 Fe 37 B

Svetsar wB wC

Q.C.

Kvalitetsprov  Ultraljudkontroll: Okuldr kontroll och
25 % av manteln och punktvis réntgen
radarreflektorer, kontroil
5 % ovrigt
Tryckprovniq! -

3 sse 5 kN/m )

Svetsarens initialer

Preservation

Ytbehandling Sandblistnings Sa 2 1/2 samma
0. 13sningsfri epoxi
INERTA 165 2 x 200 myu

Zinc Anodes

Galvaniskt skyddSinkancder -

4 x1 kg

Compartments
Avdelningar § st 4 st

TABLE 2-6
FINLAND'S 1970
VS. 1989 BUOY DESIGNS

62




60,

/ SULKOKALLA

KOKKOLA
PIETARSAARI

w~ VALASSAARET

o= NQRRSKAR
VAASA

Maximum tnickness of l(evel
ice {cm] during 1920 - 1980

___

MANTYLOTY
2 e PORI
1}

RAUMA
R

(63 =7} O-ISGKAM

TUNGA HAMINA

\ nmmu romon. .y

”0 \( - 74 LOMM MELSNK

{»80) J’
& (0-a0!

80
o

F1GURE 2-22
LEVEL ICE THICKNESSES
IN FINLAND'S COAST

63

B I R

-



SUUNNITTELUKRITEERIT
DESIGN CRITERIA
PROJEKTERINGSKRITERIER

Kestdvyysrajatila
Survival Condition " H

HaAllbarhetsgrans

Myrskymitoitus

Storm Design 399’99%
Stormdimensionering

Ylempi kiyttdrajatila
Max operating Conditon 390%
Ovre brukstillstind

Normaali kiyttdrajatila

Normal Operating Condition 370%
Ovre brukstillstand

TABLE 2-7:
FINLAND'S WAVE HEIGHT CRITERIA
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TEST RESULTS

| TESTRESULTAT

FOR STANDARD ICE BUOY

x AV NORMAL ISBOJ

Depth Chainlength
Djup Vighsjd Katting-
‘ lingd
m m m
25 3,5 27
25 5,0 "
25 7,0 "
. 15 3,5 20
: %_ 15 5’0 "
o 10 2,0 10
10 3,8 "
TABLE 2-8

FINLAND'S MEASURED
MAXIMUM TILT ANGLES
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Maximum
Tilt

Maximum
lutning
20°
23°

26°

25°

32°

33°

45°




solar power 1is currently being considered for future use. A pnssible
configuration of solar panels being studied is shown in Figure 2-23.

A systematic position control/monitoring procedure does not exist in
Finland. Position control is maintained by means of reports from users and
buoy tender crews. Various position control systems such as SYLEDIS, mini-
DECCA and GPS are being considered for future use.

The number of buoy losses vary depending on the hull material. The
biggest casualty is among the wooden spars. About half of these are lost or
heavily damaged each year. Only between 10% and 20% of the plastic spars and
lighted buoys are lost annually. Steel buoy losses are negligible; however,
approximately 10% of the steel buoys need repairs or repainting every year.
The average repainting period is 2.8 years.

The "Helsinki Buoy Depot” is an FBN facility that stores buoys and
buoy parts/equipment and also performs necessary minor repairs on damaged
buoys. Major repairs or modifications as well as new construction of plastic
spars with diameters less than 50 cm. (1.64 ft.) are accomplished in the FBN's
own manufacturing plant in Joemsuu, Finland. Spars and buoys with larger
diameters are manufactuvred in Vaasa, Finland by KWH Pipe, Ltd. (See Section
2.2.4.1.)

Finland has three buoy tenders of 43 m. (141 £ft.) length and
approximately 30 small ANT boats. The tenders are operated with a creaw of 15
and are mainly used for servicing and maintaining the buoys. The small boats
are also used in performing other services such as pollution prevention.

Maintenance costs for buoys were not available from the FBN.
However, the acquisition costs for buoys of different types and for buoy
equipment were made available and are shown respectively in Tables 2-9 and 2-
10.

An interesting project, similar to the BTIS of this study, is
currently underway at the FBN to develop a computer database for storing
reliable buoy statistics with the objective of improving the designs or
redesigns of future buoys. The work is reportedly not yet complete.

A paper was presented to the IALA '90 Conference by Mr. Klaus
Martonen of the Finnish Board of Navigation, Reference #15. The paper, on the
most part, deals with the planning and execution of a 120 km. (approximately
75 mile) long channel in the southern part of Finland leading to the port of
Naantali. The application of the plan includes a study of the ATON needs for
the channel. As a result, the paper reports on the various navigation aids
considered and eventuwally deployed in the channel. These include 74 buoys in
addition to the rand marks and leading lights. 62 of the 74 buoys come under
the jurisdiction of the Finnish Board of Navigation. The numbers and types of
buoys used, and the costs of the buoys and buoy equipment as well as
maintenance procedures are also discussed.
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PRICES

PRISLISTA

(ALL PRICES CONVERTED TO 1989 DOLLAR EQUIVALENTS)
PLASTPRICEAR: PLASTIC SPARS

- priser 1.1.1988 fritt fabrik
- med reflexband och radarreflektor

D160 * 6000 lateral . 1,420 mk ($ 346)
* 7000 kardinal  1.665 " ($ 406)
D225 * 7000 lateral 2.535 ($ 618)
* 8000 kardinal  2.830 * (§ 690)
D500 * 10 000 lateral 16.215 " ($3,955)

kardinal 16.155 " ($3,940)

PLASTBOJAR: | PLASTIC PILLARS

1985 Unit Costs for a total cost of 5.1 Million F. Marks
- enhetspriser i en leverans pa §,1 milj.mk 1985

D1000 * 10 000 ' 46.105 mk ($10,023)
D1600 * 11 000 126.850 " ($28,189)

STALBOJAR: STEEL BUOYS .
Unit Costs within a total cost of 2.8 Million F. Marks
1989: = enhetspriser i en leverans pd 2,8 milj.mk
Standard Ice Buoy
Normal isboj 33 st D1300 * 10 500 4 46.646 mk ($11,857)
Strackforankr. boj 41 st D1000 * 10 000 & 29.350 mk ($ 7,460)

e T
b
Yo

1987: :
Normal isboj (D1300 * 10 500) 29.950 mk ($6,933) E
Strickforankr. boj (D1000 * 10 000) 22.200 * ($5,139) - ¢

TABLE 2-9 | ég;
FINLAND'S BUOY }
COST DATA

i

g
o pe———
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TILLBEBOR  EQUIPMENT

(ALL PRICES CONVERTED

TO 1989 DOLLAR EQUIVALENT)

Ljusapparat: Lanterns

Renco MPV-3 kompiett med klipp och
polykarbonat kupa (135.2.1989) 6.900 mk

Renco VP-3 komplett med klipp och
stalskydd (15.2.1989) 5.602 mk

Batteri: Rattery

60 Ah + 20°C, 30 Ah - 30°C, 10,7 = 80 V
147 ° 147 * 470 mm?® (1989) 365 mk

Bojktting Chain

D32 mm 1988, priser CIF Hfors (1988),
totallsveverans 704.000 mk

lingd (37,8 m) 4.398 mk ($1,072)(169,90 mk/m)

1
1 ankarschackel M8 ° ($ 84)
1 skarvechacksl 338 ° ($ 82

Eitting fr prickar Chain for Spars

D16 * 08 * 23 (1988) Chain ~ 34,60 mk/m
ankareschackel fOr dito .su:.kle 720 mk/nt

Forankringsrep f8r prickar
fiktat 30 mm polypropylenline 3,20 mk/m

Concrete Sinkers
Prickankare av betong (1988) 1,3 ton 4 500 mk

Bojankare av betong (1888) 10 ton 4 4500 mk

Bojankare av bstong (1088) 20 tom & 10890 mk

TABLE 2-10
FINCARDYS BUOY

EQUIPMENT ( COST DATA
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(81,754)

($1,447)

(s 93)

(S 39 per m.)

($0.78 per m.)

(s 122)
($1,170)
(82,534)




References for Additional Information:

Interview Summary : Appendix A, Section A.l1l.4

Buoy Records :+ Appendix B, 10 Entries, Pages B-571lthrough
B-610
Buoy Drawings + Appendix C, Pages C-103 through C-1C8

2.1.5 France

The "Service Technique Des Phares Et Balises" (STPB) is responsible
for all aids to navigation on the mainland of France and in some overseas
locations, except those for inland navigation on small rivers and canals which
do not have many buoys. The STPB is composed of a headquarters office in
Paris and six port Directors: Port Autonome de Dunkerque, Port Autonome
deRouen, Port Autonome du Havre, Port Autonome Je Nantes ~ St, Nazaire, Port
Autonome de Bordeaux, and Port Autonome de Marseille. Overseas locations also
include Antigua and St. Frias in the Indian Ocean with buoy departments there
paid by France. Overseas locations also include Martinigue, Guadaloupe,
Canada, and Malaysia but ir these locations others are in charge and funds for
support of the ATON systems come from the local governments.

The STPB is responsible for about 8,000 aids to navigation, 1,000
lighted aids including lighthouses, and 2,000 buoys, 1,000 with lights.
Except for a new plastic buoy, all STPB buoys are of older designs which have
not been altered except for changes in signalling devices. Their large buoys
are constructed of steel and are very robust. The buoy body is actually a
steel pressure gas tank and inspected by Bureau Veritas as a pressure hull.
They have some GRP foam filled buoys, a 2 meter diameter being the largest.
Other plastic buoys have been used around France.

Their new GRP buoy is the Dalphine shown in Figure 2-24. The same
buoy can be configured with a shallow base or provided with a tail tube for
greater stability to support higher topside weight and center of gravity and
to tune motion characteristics.

The highest currents in France are found in the Straits of Dover
area and some rivers. The straits have 4 knot current, but batwsen an island
in that location and the coast of France the cuzrent van reach 12 knots. In
rivers with high current, stationary marks have been utilized. The STPB has
built a special 10 knot buoy for Polynesia i{n the Pacific utilizing a boat
hull, however no information was made available for this buoy.

The STPB does not have any specific pro iems to solve except
adequate funding to raplace tenders and purchase buoy . They will consider
smaller buoys and tenders in an effort to raduce the r quired funding. They
have tried a smaller buoy tending vessel in the Medi. ranean. It must drag
the buoys rather than 1ift them due to its smaller siz. :nd lesser capability.
This was the first new vessel built in 40 years. The principal
characteristics of this vessel and others are given in Table 2«11. Their
newest buoy tender, 38 meter length overall, shown in Figure 2-25, has Voith
Schneider cycloidal propeller propulsion. Each of the port districts under
the STPB has a buoy teuder and maintenance facilities. They inspect the
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mooring chains every 12 or 24 months and change the buoy out every 3 or 5
years.

Ten papers were presented to the IALA '90 Conference hy authors from
France. Two of these were directly related te ATON buoys, and extracts from
these are presented below:

1. Paper No. 3.6.5, Reference 17, describes the technical
evaluation and equipment used since 1983 for powering navaids, mainly floating
types, with solar generators. The evolution and failure statistics of
France’'s 800 solar~powered navaids are presented. A theoretical calculation
of navaid solar power requirements are given as well as a survey of 10 buoys
located in different latitudes.

2. Paper No. 2.4.9, Reference 18, describes the conversion of more
than 90 gas operated buoys to solar photovoltaic operation, including costs.
The modifications needed to the buoys are describad (at the IALA '90

Conference
photographs exhibited during the presentation showed batteries located in

boxes within the superstructure cage).

References for Additional Information:
Interview Summary : Appendix A, Section A.1.5

Buoy Records . : Appendix B, 15 Entries, Pages B-615 through
B-675
Buoy Drawings : Appendix C, Pages C-109 through C-123
2.1.6 Germany

The ultimate responsibility for the waterways and aids to navigation
in Germany belongs to the Ministry of Transport, "Bundesministerium fur
Verkehr" (BMV). Within the ministry, Department "BW25" refers to "Ship
Navigation Marks Directorate’ and reporting to BwW25 are 6 districts and a
total of 32 land offices. Every district has a buoy yard which includes a
repair facility and a buoy depot. With a few exceptions, the local offices do
not have buoy handling and maintenance capability. They do, however, have
complete procurement and some engineering capabiiity. Figure 2-26 shows all
coastal and inland waterways in West Germany.

Also under BW25 1is the ATON research and development branch of the
Federal Waterways Administration, the "Seezeichenversuchfeld" in Koblenz on
the river Rhein.

2.1.6.1 Federal Ministry of Transport

The Federal Waterways Authority (FWA) within the Ministry of
Transport is responsible for the construction, operation and maintenance of
the entire buoyage system including open sea, coastal and inland waterways.
The aids to navigation of all types which have been placed on FRG's coastline
are shown {n Figure 2-27. It can ba seen that there are three unmanned
lightships and many fixed aids in addition to floating buoys.
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On the river Rhein and other inland waterways, only unlighted steel
buoys are used.

The power supply used for nearly all lighted buoys is propane gas.
Batteries or solar electric power uare used on some small lighted bucys.
The use of wave-activated generators was also considered but abandoned for
economic reasons.

The buoys positioned in the North Sea are found to be subject to
excessive abrasion and wear on their mooring chains, especially on the parts
that are lying on the bottom.

In general, Germany prefers steel buoys over buoys made with other
materials., Steel buoys can be, and are, easily maintained in good condition
by aiso painting them every two or three years to keep their colors bright.

In the coastal areas, the local offices are well prepared to pick up

‘the buoys before ice arrives so that no buoys are lost. The only losses that
~ cannot be pravented are those of the lanterms on the buoys.

Germany had made an effort to standardize the buoys used in the

1,'¥syatema some 50 years ago. This effort was interrupted by World Wwar II but
. -was restarted in the 1950's. The reason for the standardization is that there

was a large variety of buoys in use and it was difficult to stock parts for
all of them. The standard lighted buoy and the standard inland waterways buoy
were developed for this purpose (see Section 2.1.6.2 for detailed information
on these and other German buoys).

The designs of all buoys are developed by the R&D center
(Seezeichanversuchsfeld). The procurement of coastal buoys is accomplished by
the local offices within the districts. However, the sole procurement agency
for river buoys and equipment is the R&D center. Construction contracts for
buoys are placed with private contractors.

Germany has several buoy tenders ranging in size from 40 m.
(approximately 130 ft.) to 70 m. (230 f£ft.) Since the coastal waterways in
Germany are very short compared to other European countries, the tenders can
get to the navigation aids at any location along the coastline quickly and
easily.

References for Additional Information:
Interview Summary : Appendix A, Section A.l1.6.1

2.1.6.2 Scegeichenversuchsfeld (SZVF)

Located in Koblens, this facility is the R&D center of the German
Waterways Authority. It contains a “Paint Quality Testiag Facility®, an
electrical shop/test area and a chemical/mechanical test laboratory which
conduct R&D work as well as testing of commercial buoy wmaterials and
equipsent. . '

X




SZVF is responsible for the development and design of all floating
and fixed aids to navigation in Germany. In general, the ATON buoys are
categorized according to the environment that they are deployed in. In
coastal waterways, one standard lighted buoy and two standard unlighted buoys,
all of steel construction, are used. There are still some older buoys in use
as well. The total number of coastal buoys is approximately 2,700 out of
which only 700 are lighted buoys. Eleven of the lighted buoys also have sound
equipment installed. Their distribution to various regions along the coast is
shown in Table 2-~12.

The current standard lighted buoy for use in coastal regions shown
in Figure 2-28 is named "Leuchttonne 81." It was developed in 1981 by
improving the older 1961 and 1972 lighted buoy designs.

For the inland waterways use, only one type of standard buoy is
currently being constructed even though approximately 1,500 of the total of
3,500 inland buoys on the waterways are of the older designs. They are being
replaced by the new standard inland buoy at the rate of about 300 per year
including losses due to various reasons. The standard inland waterways buoy
"Einheits - Binnenfahrwassertonne" is shown schematically in Figure 2-29.
This SZVF design was arrived at (after experimenting with aluminum, PVC, and
GRP buoys) as being the most economical and efficient buoy for inland use. It
has a thin steel shell, 1is constructed in two pieces (top and bottom) and
welded at the middle annular seam. It is filled with rigid polyurethane foam.
A photograph showing both the unlighted and the lighted versions of this buoy
as manufactured by the firm "Weiselerbojen"” can be seen in Section 2.2.6.2,
Photo No. 2-6.

Buoy repairs and maintenance is accomplished by the local offices in
a very efficient manner. For repairing the inland buoys, welding of the thin
shell plate is avoided except for closing very small holes and cracks since
when the polyurethane foam inside starts burning, it releases toxic gases.
For larger welds, the foam packing must first be removed from the vicinity of
the area to be welded.

The service life for steel buoys is quite long - up to 30 years for
the 1972 design lighted buoy built with 6 mm. thick steel which has already
completed nearly 20 years and is still going strong. Had it been constructed
with 12 mm. steel plate, it would probably have lasted 50 to 70 years. The
inland buoys, however, have service lives of 7 to 10 years on the average.

SZVF was not able to provide costs for maintaining the buoys used in
the system since it is understood that maintenance and repair work is mostly
accompiished by the bucy yards in various regions without job orders. The
cost of operating buoy tenders is reported to be approximately 1, 300 DM (more
than $800) per hour in 1990 rates.

The SLVF ropresentative while attending the IALA 90 Cnaferenne
provided the following additional information:

o No minimuk freeboard is specified for the German buoys.
Howaver, as much freeboard as possible is assassed in all cases.
While on station, the buoys' freeboard decreases with increasing
current valocity. fhe standard inland waterways buoy, for
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example, cuts underwater when the current velocity exceeds 3.0
to 3.5 m/sec. (approximately 7 knots). Under these conditionms,
only the buoy superstructure sticks out of the water.

o The tidal currents in German maritime waters may go up to 5
knots at certain locations. However, at the locations where
they are positioned, Germany's coastal buoys are not subjected
to much more than 3 to 3.5 knots. In inland waterways, current
velocities may reach 7 knots as mentioned above.

o Depth of water on the continental shelf of the North Sea does
not exceed 40 m. (130 ft.). Depths of 6 to 20 m. (20 to 65 £ft.)
are more common in coastal areas and harbor approaches. The
minimum mooring depth for 1981 design lighted buoy may be on the
order of 5 to 6 m. (about 16 to 20 ft.).

0 The detection range of the standard lighted buoy (Leuchtonne 81)
is on the order of 3,300 m. (1.8 nautical mile) and that of the
standard inland waterway buoy is 1,100 m. (0.6 nm). With regard
to the identification and recognition of top marks of buoys, the
ranges are 800 m. (0.43 nm) for ccastal buoys and 700 m.
(0.38nm) for inland waterways buoys.

o The following types of retro-reflective materials are used in
German buoys:

- Small Striped Material: 3N Scotchlite Signal Foil,
Series 6870

- Rolled Material: 3K Scotchlite, Engineer Grade, Serics
3270.

References for Additional Information:
Interview Summary  : Appendix A, Saction A.1.6.2

Buoy Records : Appendix B, 12 Eatries, Pages B-683 through
B-~730
Buoy Drawings : Appendiz C, Pages C-127 through C-139

"™ Personnel frow the West German Federal Waterways Authority have
presented several papers during the IALA 1990 Conference. Thres papers

discussed specific subjacts on ATON buoye:

1. Paper No. 2.4.7, Reference 18, discusses an investigation
carried ocut by the FWA on the economics of marking the Ems River estuary
between Exden and Leer with golar-powered lightad buoys. The results have
shown that the ispiementation of the new marking systems would provide a
minimus benefit-to-cost (B/C) ratio of 1.5 and parhaps even up to 3.0. Since

a B/C ratio greater than 1.0 is conasidered enough justification for realizing -

the project, the decision was made and the project is now underway. Figure 2-
30 shows the small solar buoy which is being contemplated for usa in this

project. Reportedly, this waterway was already marked with lighted buoys

using propane gas as power aupplv pending ‘development . and p:ocuxenent of solar
pouared buoys.
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2. Paper No. 3.2.2, Reference 19, describes the development of and
the experience gained with floating aids to navigation in West Germany. For
the most part, this paper deals with the development of a Lanby (Large
Navigation Bvay) and unmanned lightships to replace the manned lightships. In
its second part however, the paper also describes the development of a special
light buoy for use in closing the gap between the standard light buoy
(Leuchttonne 81) and the Lanby. The important feature of this buoy 1is that
despite its large size, 3.50 m. (11.5 ft.) diameter and 16.22 m. (53 ft.)
length, which makes it impossible for existing buoy tenders to handle, it can
be both assembled and disassembled while afloat. This enables the buoy
tenders to launch and retrieve parts of the buoy separately. A representation
of the 3.50 m. version of the modular buoy is shown in Figqure 2-31; the
individual comporents are as shown in Figure 2-32; Photographs 2-2 show the
disassembly and lifting of buoy components.

3. Paper No. 3.1.3, Reference 20, reports the results of quality
testing of ATON buoy paints conducted at SZVF. It also describes the
preparation, procedures and evaluation of photometric, colorimetric, and
accelerated weather testing of commercially available paints.

2.1,7 Japan

The Maritime Safety Agency (MSA) is responsible for all navigation
buoyage is Japan. A

The MSA, headquartered in Tokyo is instituted as an extra-
minigsterial board of the Miniastry of Transport. The whole country and coastal
watnrs of Japan are divided into 1l regions and each of these has one Regional

Mar time Safety Headquarters with autiiority o carry out certain MSA

functions.

MSA Headguarters are responsible for every facet of tha ATON. Japan
adopted the International Association of Lighthouse Authorities (IALA) B
region system and recomsendationg in 1983. Since then it has been carrying
out a 7-year program necessary to change tha shape, surface coloxr, character
of light, etc., of about 2,000 visual aids, mainly ravigation buoys. Ia
Dacember of 1989 Japan completed the change to IALA B.

Hoat Japanesa buoys are largs steel buoys which originaily evolved
from U.S. Coast Guard designs. These earlier designs were modified for
incorporation of wava-activated generators more than anything else., The
latest buoy designs are about 15 years old. Figure 2-<33 shows tha current
line of Japanese steel buoys. There are a few unlighted foam-filled GRP buoys
of their cwn design. The Japanese have limited the use of plastic buoys
because they have {ound them wvulnerable to pbyaical damage and not easily
repairable .s compared to steel. :

At this time, the MSA muist reduce cost of navigation buoys becauvse

~of shrinking governsent budgets. Papsr No. 2.4.2 presented at the JALA '90
Conferance and summarized below describas this matter in datail Futuse buoy
dssigna rust be uiaplifiad to cut costs.
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" PHOTOGRAPH 2-2
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The MSA utilizes L-5 and L-6 buoys shown in Figure 2-33 for
deployment in currents of 5 to 7 knot range which occur in the Inland Sea and
Hurushimi Straits. They have no mechanical sound buoys, only 6 buoys with
electric horns, and intend to eliminate buoy sound signals in accordance with
IALA recommendations. Japan has begun solarizing their buoys placing the
solar panels more or less horizontally at the very top of the buoy. They have
favored wave-activated generators but feel the solar panels will be useful in
bolstering the generated power even in these applications. In areas of strong
current, iron sinkers are used as they are smaller than concrete and less
affected by strong currents.

The MSA is utilizing three floating beacons of their own design in
areas where wave action is too heavy for regular buoys with an average wave
height of 9 meters. These beacons are much morxe expensive than buoys, and
were built by the Zeni Lite Buoy Company (also see Section 2.2.8.3).

The Japanese have experienced significant damage to their buoys as a
result of collisions with ships., RAs & result they have developed the paint.
marking and radio transmission system shown in Figure 2-34. This system
sprays paint on a colliding ship and sends out a radio signal to the vessel
traffic center advising of the mishap. A patrol boat is dispatched to
intercept the colliding ship. This has resulted in the identification of the
colliding ship increasing from zero instances to 30% of all collisions. )Also
see comments from the Japanese manufactnrer NKK regazding this subject in
Saection 2.2.8.1.).

Japan has two buoy tender designs as shown in Figure 2-35: three
mono-hulls and one catamaran. Thesa vessels are utilized for the maintenanca
of 80% of all buoys in Japan. The MSA brings buoys in for maintenance every
two years. They visit a buoy every month, but are considering increasing this
intexval. They are curreatly considering contracting out all buoy tender
services to commercial companies.

Tha MSA has prepared a manual or all aspects of navigation buoys and
have provided a copy. They alsop utilize this as a textbook in instructing
third world countrias in Southsast Asia coming to Japan to learn about
navigation buoys.

Refexeaces for Additional Infoxmation:

Appendix A, Section A.l.7.1

Appendixz B, 15 Entries, Pages B-800 through
B-855

Buoy Drawings : Appendix C, Pages C-160 through C-172

Interviaw Summary
Buoy Records

. o

' Six papers wera presented to the IALA '90 conferenca by authors frém
Japan. ‘Two of these were directly or indirectly related to ATON buoys and
extracts frow these ara prasanted below: -

}. Paper MNo. 2.4.2, Reference 22, “"Present OSituation and
Difficulties in Administratios of Aids to Navigation Sexvices" by M. Susuki of

the Maritime Safety Agency, presants the current situation at the MSA which is
confronted with mansgeaent problems, environmsent requitenentn. efficiency
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Performance of buoy tenders

e of ship | Kaiou | Hokuto | Ginga | Mycjye
item
gross tcnhage (t) 619.0 600.0 617.0 260.0
total length (m) | 55.0 | 55.0 | 55.0 [ 27.0
breadth (m) 10.6 10.6 10.6 12.¢
draft (m) 4.8 4,8 4.8 3.9
speed (kt) 13.0 12,0 14.2 10.5
hoisting power (t) 15.0 15.0 15.0 15.0
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objectives, financial cutbacks, etc. which is impacting their services. Among
the countermeasures they have taken are: reorganization of the MSA, review of
service visit intervals, improvement of quality and reliability of equipment,
development of maintenance-free equipment and development of a small, light
and movable fixed light. The paper contains a complete description of the
organization including manpower levels and monetary budget.

2. Paper No. 3.1.5, Referemce 23, by various individuals from the
MSA and Japanese ATON industry describes the development of a LED (light
emitting diode) light for short range ATON. The outstanding characteristics
of the LED are the very long lifetime (more than 100,000 hours) and the
excellent switching response. The LED has weak luminous intensity, one-
directional emittance and widely varying characteristics among elements
however, thanks to the recent availability of highly intensified light and the
rapid development of quality management technology, interest has been
rekindled.

2.1.7.2 ¥SA Chiba Buoy Base

The Chiba Buoy Base (CBB) is respcnsible for 195 buoys. Half of
these buoys are brought back to the CBB each year. The largest buoy base in
Hiroshima is responsible for 300 buoys.

Inspection, sandblasting, and painting of buoys are all done at the
buoy bases. Concrate sinkers are manufactured at the base. Minor welding
repair is accomplished but serious damage repair is subcontracted to an
ironwork factory.

The most difficult problem is marine growth. One-half of the buoys
handled by the CBB are the wave-generator type and marine growth seriously
impadea operations after 2 years on station. They are experimenting with new
paints.

L-4 and L-7 are the only buoys which have compartmentation. The L-7
uses an outside toroid (4 compartments) for ballasting with water.

-L=4 buoys are filled with foam in outside compartments.

References for Additignal Information:
interview Summary : Appendisz A, Section A.1.7.2

2.1.8 The Netherlands

The Ministry of Transport and Public Works, Directorate - General
Shipping and Maritime Affairs (DGSM) is responsible for ths eafety of
waterborne traffic throughout the Netherlands. This includes the North Sea
and all inland waters. ' - ' : ' '

The DGSM has two principal buoys of theair own design, the 12 1/2 m?

and 6 1/2 m? steel buoy shown in Figures 2-8 and 2-36 respectively, which have .

been isproved over the years and are usad for ail sea, estumy, river and wide
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inland waterway locations. These buoys have interchangeable day and topmarks.
There are approximately 800 light buoys of the 12 1/2m® and 6 1/2m® variety,
300 in the open sea and the remainder in estuaries. There are approximately
2,500 unlighted buoys located in less important waterways, occasionally
supplemented with small light buoys. Floating pillar beacons are used in
shallow waters.

Figure 2-37 shows mooring configurations for the Netherland buoys.

They believe that steel buoys had proven their reliability and
should be continued for open sea and dense traffic locations. Some of their
steel buoys have lasted 50 years. Synthetic material buoys can be used for
other applications. They have utilized some smaller plastic buoys for inland
waters and are now doing some tests of a polyethylene foam filled buoy of
their own design.

Shape significance on their buoys is achieved with an open slat type
structure of wood or plastic like Trinity House in England uses. Their buoys
have a central battery pocket. They are solarizing their buoys and have plans
to change 50 buoys per year, with 100 buoy completions to date. DGSM buoys
have no horns or whistles. They have had an ice buoy designed for them by "All
Marine' (see Section 2.2.9.2) which has been in place for two years but there
has been no ice during this period.

The most significant problems the DGSM has with floating aids are
not specifically related to the buoys themselves but instead are:

- Mari-culture growth on the buoy hﬁlls in certain shallow water
areas where anti-fouling paint is prohibited.

- Removing and destroying almost 5,000 long-life dry batteries
yearly. It is expected that duve to increasing environmental
considerations the cost of this will become increasingly
unaccaptable in the future.

Damage to buoys by collisions has basn 2 problem for the DGSM in
terms of cost. Thay can {dentify who has damaged a buoy since most ships have
pilots who would report the occurrence and additionally, there is the water
police. An insurance company then pays the cost of damage which usually
ranges from 10,000 to 50,000 Guilders (S1,700. - $8,400. U.S.).

The DGSM has a number of wvessels utilized for tending aids to
navigation as shown in Table 2-13. Their two newest buoy tenders are the
44.12 meter long "ROTTERDAM® Class and the 38.17 wneter °NIEUWE DIEP* class.
The DGSH prepared the deeign specifications of both veasels which have bow and
stern thrusters and a dynamic positioning system.

The Netherlands beliaves that efforts for the improvement of safety
of navigation in the North Sea muet consider the total system of ATON
including short range aidme, radio navigation systems, RACONS, etc. rather than
concentrating on Improving individual components. This is elaborated wpon in
the IALA '90 Conference paper No. 1.4.3 discussed bslow. They now have a
definite proposed plan to change navigation aids in the North Sea which would
require ratification by the North Sea countries. They believe a reductién in
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sea buoys by one-third can be achieved, including those set for oil company
platforms and for marking subsea standpipes.

References for Additional Information:
Interview Summary : Appendix A, Section A.1.8

Buoy Records : HAppendix B, 2 Entries, Pages B-1030 through
B-1035
Buoy Drawings : Appendix C, Pages C-198 through C-200

Ten papers were presented at the IALA '90 Conference by authors from
the Netherlands. Four of these were directly related to ATON buoys and
extracts of these are presented below:

1. Paper No. 1.1.2, Reference 24, discusses the development of an
asgessment and design method for ATON systems. This method is meant to
provide lighthouse authorities with a tool to assess their present ATON
systems and if required to design a new system. The method is based on an
assessmont involving different ATON functions such as redundancy, position
accuracy, hazard warning and confirmation. This has been applied by the DGSM
in the assessment of ATON in the North Sea, Paper No. 1.4.3 below. This is a
computer based system.

2. Paper No. 1.4.3, Reference 25, discusses the improvement of
navigation on the North Sea by considering the coherence of the total systen
rather than by improvement of the several individual components. Using this
approach of considering the whole system in the North Sea, it i{s possible to
reduce the total number of markings by a large extent. Cost benefit and cost
effectiveness studies play a large part in this procedure and indicate a
relatively large financial saving could ba achieved in the North Sea.

3. Paper No, 2.4.3, Reference 26, describes the method used for a
study of a national buoyage sarvice, the study results and the implementation
and functioning of the new organization. Attention is given to the new buoy
tenders of the Service and the automation of the operational and logistic

data. Figure 2-38 shows the new organization with the dashed lines

representing functional relationships and the solid lines the hierarchical
relationships. :

4. Paper No. 3.6.4, Reference 27, describes the davalopment of
autonoscus photovoltaic systems for use with ATON, particulariy in the
Netherlands. It goes on to describe the use of such systems in developing
countries. In particular the paper deals with the rehabilitation of aids to
navigation in Guinea Bisseau, improvements to aids in Hartelkamaal in the
Rotterdam ragion, modernization of ATON in Honduras and the davelopment of a
desp water buoy as a light vessel replacement, powsred by solar energy.

2.1.9 Norway

The Horwegian Coast Directorate (NCD - Kystdirektoratet) is the
authority responsible for all coastal sarvice in Norway. The fieids of
responsibility are diat;;buted to thres separate divisions: ,
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- Aids to Navigation Division
- Waterway Administration
- Pilot Service

! The ATON division is responsible for the development, establishment
and maintenance of all aids to navigation.

X The navigation aids used along the Norwegian coast are tailored to
the needs of the specific geographic and climatic conditions prevailing at the
locations. A mixture of floating and fixed aids, large and small lights, and
electronic aids are used in marking the fairways. Figure 2-39 is a chart
which shows a typical sector lighting situation along the Norwegian coast.
The use of sector lights has been highly developed and proven to be, for the
Norwegians, an economical and effective lighting system for their waterways.

In addition to the sector lights, the NCD uses fized 1lighted and
unlighted aids and floating aids. Norway's waters are mostly shoal and the
depth of water in a majority of waterways is less than 10 m. (30 ft.) This
makes it suitable for using fizxed lights instead of floating aids and this is
the direction Norway has headed. (See discussion under IALA Paper No. 2.4.6
below). They have been using fixed lights since the 1890's and they currentiy
have about 15,000 fized aids as opposed to approximately 2,200 floating, only
120 of which are lighted buoys. NCD stated that 110 of these lighted buoys

. are stationed in waters of less than 10 m. depth and that thay too will soon
{ ba replaced with fixed lights. Most of the lighted buoys are made of steel.
There are only 20 lighted plastic buoys.

§ More than 2,000 of the floating aide are unlighted buoys, and 80% of

: then are made of plastic. The number of steel unlightad bhuoys is about 400.
Figure 2-40 shows the standsid steel lighted buoy and in Figure 2-41 a typical

i unlighted plastic buoy (Yypa 5 Spar) is shown. In addition to the Type 5

4 unlighted spar shown in Figure 2-41, NCD also uses Type 7 and Type 8 light
plastic spare and Type 26 lighted plastic huoys.

| The NCD had experimentad with somo aluminum buocys but the results
' were not found to be satisfactory. The sarvice life afforded by alun.nua
buoys was mferim' to that of plastic and -staal buoys.

Tha lighted buoys used {n Borway have baan cetaverted €xom using gas
as the power soutce to uming dry cell batteries. Lithius batteries wese found
to be the most convenient for ATON buoy applications in that they provide high
energy deosity and excelleat storability and sérvice life. Howaver, since the
cost of spergy from  thess batteries is very high, the NP is curzently
( developing 3 novel geswater primary battory. (Ses discussion below on this
: subjert as axtracted from a psper presented to ths IALA 30 Confexence). The
: HCD had also contfdared the use - of svlar pansls snd wave generators a8 power

soutces for lighted buoys but both weie £2uad to have ~unfesirable limitaticns
;‘ for use {u.their waterways, smaruatim uf fim?. ughta. hmver. has been
{ ' in&txatsd in 1990.

: Tbura ard, _very few sowl mrss; ia e ia Sorvway. ‘may ate phasing N
g“th tha xo.mﬁ bunyn and mnacmg then uith W‘s mtauad én fzws shoze
1G t'o *_,' A‘_.\_ U ) o N N - ) . . . .
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The buoys are serviced and maintained by the buoy tenders except for
major repairs which are contracted out to private yards. Photograph 2-3 shows
the cleaning by high-pressure water of a plastic spar aboard the buoy tender
M/V VILLA. Buoy tender crews accomplish painting, scraping, Jight changing
and other servicing on site. Servicing of mooring chains is accomplished
every one or two years for buoys located in open sea areas. For buoys located
in protected waters, service periods are extended to ten years.

Buoy losses in Norway are minimal; there were no losses in the 1989-
1990 winter season during which very little ice occurred; but on the average
with normal ice occurrence, about 40 to 50 buoys are lost per year.

The normal service life expected from the steel buoys is 20 to 25
years. However, the real servire life is closer to 30 years and only 100 new
buoys are acquired every year to maintain the total number after losses. The
steel buoys are manufactured by local steel fabricating shops and plastic
buoys by the Norwegian manufacturer TICON PLAST A/S (See Section 2.2.10.1 for
a discussion on this manufacturer).

Norway had five large buoy tenders of apbout 44 m., (144 ft.) length.
Two nf these have been put out of service as a result of reduced buoy
maintenance needs because of replacing buoys with fixed lights. The NCD
stated that when additional lighted buoys are replaced with fixed lights in
the near future, it will be possible to decommission one more buoy tender and
to realize savings of 10 million NK (approximately $1.7 million) per year in
operating costs.

The three buoy tenders currently in service have lifting capacities
of 12 tons each and they are operated with crews of 9 each. Their operating
costs are 8 million NK ($1.2 million) per year without depreciation and 10
million NK ($1.5 million) when depreciation is added.

The high operating costs, in NCD's opinion, make £floating buoys
undesirable in spite of their lower initial acquisition costs as compared to
fixed aids.

References for Additional Information:

Interview Summary : Appendix A, Section A.l.9

Buoy Records Appendix B, 6 Entries, Pages B-1059 through
B-1082

Buoy Drawings : Appendix C, Pages C-210 through C-215

oa

A number of papers were presented by Norway to the 1990 IALA
Conference. Those found relevant to the Buoy Technology Survey project were
the following:

1. Paper No. 1.3.1, Reference 26, discusses a comprehensive
coordin-ated database system for fairways and aids to navigation. As part of
this integrated system, the ‘Fairway Database' contains information for
individual aide to navigation including data on equipment - specifications,
responsible agencies and malfunctions or breakdowns.
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2. Paper No. 3.6.9, Reference 27, gives a description of the novel
seawater battery systems and reports on tests of prototype batteries installed
in lighted buoys to replace the dry cell lithium bhatteries. Norwegian
government, in cooperation with private manufacturers, had started a
development program in 1985 for an underwater battery for defense and oil
industry applications. The NCD in 1989 has established a project group to
adapt this new battery for light buoy applications. A description of the
principles of operation and desigr approach for this battery is given in
Reference 27. Figure 2-42 shows the seawater battery powered lighted buoy
which is reported to be presently undergoing tests. Preliminary results
indicate, according to Reference 27, that the mnew battery will provide long-
term operational capability, excellent shelf life, low operating costs and
will present no environmental or safety hazards. Consequently, the paper
claims, it may find wide-ranging application in the future lighted buoys.
With regard to lifetime of the battery the Norwegians have stated the battery
can be used for more than two years of maintenance-free continuous operation.,
At that time the only requirement will be to replace the anode material.
Further, the battery has a virtually infinite storability and can be taken out
of the water for an indefinite amount of time and put back to sea for
continuing operation.

It should be noted that another manufacturer of seawater batteries
(Alu Power of U.S.A., see Section 2.2.11.13) states that their ALDOS batteries
have long shelf life and their service life is dependent on the amount of
aluminum anode present.

3. Paper No. 2.4.6, Reference 28, as hriefly cited above, describes
a systematic approach for substituting floating aids to navigation with fixed
aids as used in Norway. The paper also discusses the current status of
substitutions, the experience gained from fixed aids and the impact of more
substitutions on the number and size of future buoy tenders and the added
benefits resulting therefrom.

2.1.10 United States

The responsibility for operating and maintaining the ATON system in
the United States was given to the U.S. Coast Guard in 1939 when the U.S.
Lighthouse Service was merged into the Coast Guard. The area of jurisdiction
covers the United States, its territories and possessions, and the Trust
Territories of the Pacific Islands.

The U.3. Coast Guard, as of the end of 1989, has the following
operational floating marine aids to navigation:
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8 Lighted Buoys over 9m. diameter
4,346 Lighted Buoys less than 9m. diameter
21 Lighted Buoys less than 9m diameter
(Along the Mississippi River and the Western
Rivers)

4,375 Total Lighted Buoys
10,446 Unlighted Buoys
11,524 Unlighted Buoys (Miss. & Western Rivers)

21,970 Total Unlighted Buoys

26,345 Total Floating Aids

In Task A of this study, the research and development efforts
undertaken by the USCG since 1962 on buoy developments were reviewed,
interviews were held with the USCG ATON persornel at the Headquarters, the R&D
Center, and several District aid to navigation offices (oan), and the results
were reported in the final task report, Reference #29.

References for Additional Information:

Interview Summary : Appendix A, Section A.l

Buoy Records ¢ Appendix B, 51 Entries, Pages B-1128 through
B-1329
Buoy Drawings : Appendix C, Pages C-230 through C-275

During the IALA 90 conference, authors from the United States have
presented 16 papers seven of which are directly or indirectly related to
floating short range aids to navigation. Brief extracts from these papars are
given below:

1. Paper No. 2.1.1, Reference #31, describes tha USCG's primary
aids to navigation training facility, the National Aids to Navigation School.
It also addresses trainirg concepts and management, provides brief course
descriptions, discusses resident and on-site training and presents the
benafits of exportable training.

2. Paper No. 2.2.1, Reference #32, reports on the separate
privatization effoxts for servicing navigation wmarks and presents the USCG
Short Range Aids Program's evaluation of the contractors' performance on a
total nusber of 600 navigation marks in three trial areas.

3. Paper No. 3.1.6, Reference #33, discusses the field measurements
and laboratory expariments to assess the effacts of signal sise and background
lighting density on a mariner's ability to find a navigation light. The time
required for the observers to correctly locate tha signal was umed as the
measure . of conspicuity of the point and extended sourcas. Ths paper reports

- the results and provides methods for aiding daaign enginnara in tho st:ing and

salection of extended sources.

¢. Paper Ko. 3.1.7, Reference #3¢, sumsarizes the result of studies

on the extent of f dagradation of the effectivansss of 3 ‘buoy's signal light dus f
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to the motions of a buoy. It concludes that increased lantern divergence will
reduce the degradation and increase the buoy detection range.

5. Paper No. 3.2.1., Reference #35, describes the latest
developments in floating aids to navigation. Included are discussions of
modifications to the Exposed Location Buoy, Articulated Ligh:s, Foem Buoys,
and Synthetic Line Euoy Moorings as well as a presentation on improvements on
Large Navigation Buoy (LNB) power consumption and efficiency.

6. Paper No. 3.5.2, Reference #36, discusses the U.S. Coast Guard's
acquisition program to replace its aging fleet of buoy tenders with modern
effective ships which will operate well into the next century.

7. Paper No. 4.1.1, Reference #37, reports on a recent USCG project
to purchase a frequency-agile racon for use in the ATON system. The paper
gsummarizes the efforts involved in the development, the anticipated
deployment, and the testing philosophy for the use of radar transponders as
alids to navigation.

2.2 Commercial Manufacturers/Designers/Institutions

In each country visited during this task, buoy manufacturers and
designers as well as private institutions involved in aid to navigation
systems were identified. Many of these sources were visited, personal
interviews held, and facilities toured by the project investigators.
Additionally, other manufacturers and institutions were contacted either in
writing or in person during the 1990 IALA Conference and appropriate
information on buoys was requested and raceived to the extent possible. In
the following subsections, aynopses of theae interviews are praseated along
with discussions of findings from other sources by correspondence and/or by
contacts during the IALA Conference.

2.2.1 Canada

2.2.1.1 Orraide, Ltd.

_ As an exclusive agent in Canada for Pharos Marine, Ltd. of England,
Orraids, Ltd. 1is emsentially offers consulting services and markets buoys
smanufactured in Europe not only by Pharos Marine, but also by othar sources
including the Balmoral Group, Ltd.

One project that Orraids, Ltd. is currently wosking oa in
conjunction with the CCG Base Prascott is a fast-water bucy designed by Janko
& Associates of Eugland and manufactured in Canada, after some modifications
by the Prescott Machine and Welding Co. Figure 2-43 shows a schematic
arrangessnt of this buoy. Photograph 2-4 shows the original Janko buoy as
deployed for tests and Photograph 2-5 as it was being lifted for launching.

According to Orraids, and as verbally confiri'sd by Base Prescott,
the results obtained from the tests so far are very prowising. The buoy has
successfully withstood 10 knot currents. The goal is to sploy these bubyu ou
- & project in the Niagara Falls reginn.» :
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References for Additional Informatiom:
Interview Summary : Appendix A, Section A.2.1.1

2.2.1.2 MIL Systems Enginesrin

MIL Systems Engineering, Inc. (MSEI), a member of the MIL Group, has
completed, in March 1990, a contract for the Canadian Coast Guard to develop
design criteria for the aid to navigation buoys used by the CCG. The criteria
considered included environmental conditions, structural design, buoyancy,
stability, etc., as well as updating of the drawings of ATON buoys used
throughout Canada. The manual is being currently revised and finalized and
will probably be completed next year in the form of a "Floating Aids Technical
Manual®.

In their response to the survey questionnaire, MSEI stated in
general that:

o The current short range aids were developed on the basis of
operational experience over the last fifty years and in general
they seer to work fairly well;

o Buoyancy problems are experienced in high current and icing
conditions;

o Lifting points are hard to use and have occasionally failed;

0 There is an ever-increasing need for space in the buoy
superstructures;

o Battery life is a problem in some areas of oparation.

References for Additional Information:
Interview Summary : Appendix A, Section A.2.1.2

2.2,1.3 KwH Pips {Canada) Ltd.

This company is thae Canadian subsidiary of KWH - Pipe, Ltd. of
Finland and is engaged in consulting for and marketing of KWH epar buoys. It
does not currently have any manufacturing facilitias in Canada.

(For a discunniou of the interview hald uith KHH Finiand. 508
Saction 2.2.4.1.). :

rence L itional Inf :
Intetviéa Swmasy ‘Anpendix A, Section A.2.1.3
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2.2.1.4 Georgetown Shipyards, Inc.

Located in Georgetown, Prince Edward Island, this shipyard had
been constructing steel and aluminum buoys for the CCG. They have recently
completed and delivered a series of 4'-6" diameter lighted river buoys and
g'-6" diameter sound buoys in accordance with the construction specifications
and drawings supplied by the Dartmouth CCG Base. As reguested by the
specifications, the shipyard delivers the buoys with only the prime coat
applied. The final painting, and outfitting are accomplished at the CCG Base.

References for Additional Information:
Interview Summary : Appendix A, Section A.2.1.4

2.2.1.5 Fairview Industries Ltd.

This company is located in Halifax, Nova Scotia and essentially
is involved in fabrication of steel and aluminum structures. They had
manufactured both steel and aluminum buoys of the conical and discus types for
the CCG in 1988 and 1989 and are currently submitting a proposal for the
construction of a new series of buoys. At the time of the brief visit to
their facilities, they had no buoys under construction or in storage. The
fabrication shop is equipped with all types of buoy construction equipment
including aluminum and steel welding, blasting and painting and testing
facilities.

Mr. Wwhiteway of Fairview Industries commented that having
constructed many aluminum discus buoys, he found them to be over designed.

References for Additional Information:
Interview Summary : Appendix A, Section A.2.l1.5

2.2.2 Denmark

2.2.2.1 Electronic Supply Co.

The Electronic Supply Company is a source of electronic equippent
for buoys. Howaver, they are currantly also involved in developing a wave
generator capable of operating in small waves and fcee £:on direct exposure to
the seawater environmsnt.

A buoy fitted with a prototype of this new type of wave powered
generator was the subject of an IALA '90 Conference papar previously digcussed
in Saction 2.1.2 and is shown in Figure 2-15.

The wave generator is driven by the acceleration of the buoy caused

by wave action as low as 30 ca in height. It is a completely wmechanical

device with no exposure to sea water, thsraby being exempt from marine growth
build-up, fouling and corrosion. The anticipated saintsnance interval for
this new wave powerad ganerator is axpacted to ba threa ~years whnn internal
springu and boaringl lay nsed to be replaced
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References for Additional Information:

Interview Summary : Appendix A, Section A.2.2.1

2.2.3 England
2.2.3.1 Balmoral Group Ltd.

Balmoral is a part of the Balmoral Group of marine companies and is
located in Aberdeen, Scotland. They manufacture a series of plastic
navigation buoys in sizes ranging from one to five meters in diameter. Their
navigation buoys had traditionally been constructed of foam filled GRP. Their
newest buoys are manufactured of foam with a Belthane Elastomer exterior.

Balmoral ’elieves foam buoys with elastomer exteriors hold a great
deal of promise for being the navigation buoy of the future. They originally
developed their elastomer/foam buoys in response to the marking needs in the
harsh environment of the North Sea oil fields. They have already replaced
some large steel sea buoys up to approximately 10 ft. in diameter with these.
An example of a Balmoral elastomer/foam buoy is shown in Figure 2-44. The
EF20L buoy shown is 2 meters in diameter with a focal plane of 2.55 meters and

a weight of 1650 kg.

The purchase cost of the foam/elastomer buoys is comparable to steel
in Europe but not in *third world" countries. The material for their buoys is
Balmoral's own and the buoys can only be constructed at their facilities in
the United Kingdom. They believe the operational costs of their buoys are
drastically reduced as these buoys will survive high impact forces without
sustaining deformation or damage, require minimum maintenance, and there are
ro expensive paint treatment or welding repairs.

The design of elastomer/foam buoys has resulted in some comparisons
to steel buoy characteristics. Foam/elastomer buoys are lighter than steel
and additional weight must be added to achieve a working waterline. Motion
characteristics of the plastic synthetic buoys have been equilibrated to those
of steel buoys by matching the GMs and the weights have been added
accordingly. Generally speaking, funds are not available for motion studies
of buoys, which are very expensive.

References for Addjitional Information:

Interview Summary : Appendix A, Soction A.2.3.1
Buoy Records Appendix B, 24 Entries, Pages B-345 through
B-441

Buoy Drawings : Appendix C, Pages C-69 through C-92

'L

2.2.3.2 Reinforced Plastic Structures

Reinforced Plastic Structures (Lewes) Ltd. (RPS) was introduced to
MR&S by the Gloucester Harbor Trustees. There was no direct contact with

them.
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RPS manufactures a variety of marking and navigational buoys of foam
filled glass reinforced plastic as shown in Figure 245,  Their Class II
navigation buoys have hull diameters of 9 ft. Their support buoys for anti-
pollution oil booms (not shown) have diameters of 15 ft.

References for Additional Information:
Interview Summary : Appendix A, Section A.2.3.2
Buoy Records : Appendix B, 6 Entries, Pages B-442 through

B-459
Buoy Drawings : Appendix C, Page C-Q3

2.2.3.3 Pharos Marine, Ltd,

Pharos products were presented by Automatic Power, Inc. during the
U.S. surveys. See the U.S. Section of this report (Section 2.2.11.2) for
details.

As summarized in Section 2.1.3 of this report, Pharos personnel from
the United Kingdom presented a paper on a new wave powered generator system
for buoys, at the IALA '90 Conference. The system utilizes a special flexible
hose within the mooring system driven by buoy motion to pump water to a power
turbine. The paper summarizes the results of development work and trial
activities. Pharos does supply equipment for more conventional power sources
as well as a full range of other ATON equipment. Figure 2-46 shows the
available systems. Their commentary on the two types of systems are as
follows:

€
£
to

l

This well-proven method of lighting is still regarded as being
the most reliable and experience has shown that gas equipment is the
least affected by the marine environasent.

Electric

-

There are three main systems of providing electric power to
buoys:

- Batteries, primary (disposable) or secondary (rechargeable}.
- Solar generator with secondary battery.
- Wave activated generator with secondary battery.

References for Additional Information:
InterviewVSummary : Appendix A, Section A.2.3.3

Buoy Records + Appendix B, 27 Entries, ng:s B-460 through
, B o
Buoy Drawings + Appendix C, Pages C-95 through C-99
15
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2.2.3.4 Midar Systems

Midar is an acromym for ‘“Microwave Identification Data Automatic
Response”. It is an add-on secondary radar system designed to give an
identity to a ‘"radar blip". The system consists of an interrogator and

receiver/transponder which automatica.ly transmits a response indicating a

unigue identity. In the example shown in Figure 2-47, the Midar system is
being usad by Ship A to recognize radar contact. Pulses from the ship's radar
and Midar interrogator are seceived simultanecusly in Ship B by her Midar
receiveyr, which automatically transmits a response, consisting of number of
digits which indicate her unique identity suitably coded for tramsmission. On
receipt by Ship A, this message is automatically decoded enabling the ships
international radic call sign to be displayead and wused, if required, ¢o
initiate UHF radio communication. Although this system was originally
devaloped for ships as just described, it could in principle be utilized to
identify buovs by a ship.

Midar helieves that the general system of 1ights and buoyage can be
improved and number of marks reduced by the two following implementations:

1. Enhanced radar conspicuity through better rexlectors.

- 2. Fitting of every mark with an ideatification transponder known
to mariners and which could be selactively interrogated by radar.

Midar believes that radar and satellite systems are here to stay, so
that a buoy system tailorad to radar should be useful into the foraseeable
future. In such a system buoys would he set for the best radar navigation
rather than navigation by sight. Racoms of wvarious kind and navmarks, D/F
statious and "UHF stations® have inherent limitations which diminish their
potential for universal vse. Racons are not so good for they blot out other
radar signals and with two or more, the radar screen can become completely
confused.

With the Midar system a Midar transponder would be mounted on the
huoy. Ships would have a Midar interrogator connected to their general radar.
Buoys marking hazard areas are essential and would be made non-selective, i.e.
they would respond to any radar. Other buoys would be equipped with a

selective radar signal so that the navigator can interrogate to find the one

he is looking for.

“Currentiy the Midar system i in a prototype state. Sperry has a
cimilar system: Marine Iuterrogator Responder System. IALA has discussed
~ Migar but hae not tested it, whereas they did try ADAR {Automatic Data

- Requisition Radar) which rcequires ship position data to be transmitted to
shoze stationg.

: Referencas for Additjional Information:

~ lsterview Summsary : Avpendix A, Section A.2.3.4
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2.2.3.5 Nautical Society

The Nautical Society, with 5000 members in 70 countries, is an
independent international professional body whose principal aim is to
encourage a high standard of knowledge, competence and qualification amongst
those in control of seagoing craft.

In the past they have been asked by IALA to provide input as to the
requirements for aids to navigation desired by its members, the mariners. As
discussed in Section 2.1.3, they were responsible for Paper No. 1.4.4
presented at the IALA '90 Conference. Previous publications authored by their
members have indicated that:

- Buoys work well.

- Fog signals are not required.

- Future navigation systems could consist of only <fairway buoys
with Racons.

- Satellite navigation will supersede the need for buoys.
- Install transponders on ships and buoys to identify them.

Ruferences for Additional Information:

Interview Summary : Appendix A, Section A.2.3.5

2.2.3.6 Hippo Marine Products

HMP is primarily involved in the manufacture of moorings and marker
buoys, but they have utilized technology in the manufacture of some navigation
buoys. They have provided buoys around the world.

This year they were constructing two 2.5 meter diameter lighted
buoys for the Bristol Haven Authority as shown in Figure 2-48. This buoy as
well as othev HMP buoys are said to have the following characteristics:

- Fabricated using polyurethane elastomer exterior and light
weight foam {nterior.

- Polyurethane elastomer is extremely hard wearing but resilient.

- The buoy is unsinkable unless severely damaged.

- Any shape buoy is possible by hot wire cutting of the
polyethylene foam with subsequent spraying of the polyurethane
elastomar.

- Sea buoys can be made by adding a tail tube.

HMP originally manufactured GRP buoys. They found the buoys to be

satiafacto;y in calm estuaries, but in the open sea they were stable but too
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"lively" resulting in reduced visibility of the light due to their motion. By
counterbalancing the elastomer/foam lightweight buoy with extra heavy chain
they have obtained a lightweight buoy that has a seakeeping response identical
to a larger or heavier buoy.

References for Additional Information:

Interview Summary : Appendix A, Section A.2.3.6
Buoy Record : Appendiz B, 1 Entry, Page B-568
Buoy Drawings ¢ Appendix C, Page CiOl

2.2.3.7 Firdell Multiflectors, Ltd.

Firdell Multiflectors, Ltd. (Firdell) has developed products that
improve radar reflectivity. They were not visited during the surveys but they
did supply MR&S with written material.

Firdell defines an effective radar reflector as one that gives a
consistent radar return through a 360° azimuth and through at least plus or
minus 20° of heel of the buoy. The mean "Radar Cross Section" throughout this
360° x 40° band should not be less than 2.5 m? and there should be no "gap" in
the band more than 10° in azimuth and plus and minus 2° in the vertical.

Firdell manufactures a aumbar of radar reflectors. From the
literature it appears they have used their Blipper 200 and 300 series on
floating buoyage. The Blipper 210-7 is shown in Figure 2-49 and has
dimensiongs of 595 x 225 mm with a weight of 1.8 kg. These radar reflectors
appear to consist of a reflective structure of aluminum encased in seamless
UV-stabilized rotationally molded polyethylene.

References for Additional Information:
Interview Summary : Appendix A, Section A.2.3.7

2.2.3.8 Thorn, EMI
Thorn, EMI Electxonics Ltd. manufactures high inteqrity monitoring
systems for marine applications. Thair ‘*Oceanmaster Data Acquisition Systenm®
is the latest version of a complete marine weather station which can relay

both meteorological and oceanographic data diractly by radio from a buoy to a
bage station.

Referances for Additional Information:
Interview Summary : Appendix A, Section A.2.3.8

2.2.4 Finland
2.2.4.1 KWl Pipe, Ltd.
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This company manufactures, in its plant in Vaasa, Finland, a series
of plastic spars and pillar type buoys ranging in diameter frou 110 mm to
1,600 mm (5.25 ft) and in length from 3 m to 14 m (45.93 €£t). All of the
plastic pillars of 500 mm (1.64 ft) diameter and above that ars used within
the Finnish Board of Navigation's ATON system are supplied by KwH Pipe. The
snaller spars manufactured by KWH Pipe are sold to other yovernments'
navigation administrations, port authorities, and private companies. (Finnish
Board of Navigation constructs its spars up to 225 mm diameter at its own
manufacturing plant.)

The KWH plastic spars are manufactured by a fully automatic
extrusion process. Extrusion production lines of varying size and capacity
manufacture pipes to given specifications and lengths. The spars are made
from appropriate lengths 'of pipe (of high density polyethylene) and filled
with expanded polystyrene. Coloring of the spars iz accomplished by
pignenting the plastic material and for this reason, the color ‘does not fade
or wear off. A single spar may consist of several pipes of different color in
which case the ends of pipe sagments are joined by wolding. The welding
process consists of heating the pipes and pressing the: together. The end
piece is also joined to the cylindrical pipe sections by welding in a similar
nmanner. A metallic base is bolted to the bottom end by steel fixing plates.
An illustration for the 1,000 mm diameter pillar type buoy as manufactured by
KWH is shown in Figure 2-19 of Section 2.1.4. Shown i{n Figure 2-50 is the
construction details of a plastic KWK spar. Figure 2-51 shows the line of KwH

spars and pillars up to 1,000 mm diameter and Fi@ure 2-52 provides mooring
details for the 500 mm and 1,000 mm pillars. :

Radar reflectors are fitted on all spars and pillarxs of 225 mm
diameter and above as well as on some cf the 160 mm spars. In order to
provide resistance to wear from debris aud ica, retxo-reflecting strips are
placed in grooves on tha outside surface of pipcs. :

As saen in Fiquse 2-51, spars énd'pilln:e abova 225 mm diameter may
also he, and those used in Finland mostly axe. equxpped with lantemns. The
batteries are installed within tha pipe. . :

KWH Pipe Ltd. facilitiae in' Vsasa inciude & "Machanical/Chemical
Teating and Research Laboratory® and a -*Paint Weather Testing Laboratory*.

References for Additional Iafgr@gtign-'

Interviaw Sumsary Aprendiz A, Section A.2.4.)
Buoy Records St Appundix B, © Entries, Pages B-571 to B-590,
' B-595 to B-60. and §11

Buoy Drawings '~ : Appendix’C, Pages C-103, 106, 107, 108

2.2.4.2 Renco Magine Oy
This company, locatad ' in Porvoo, Finland, manufactures traffic

regulating equipmant and signals including those used by the Finnish Boaxd of

Havigation ca their lighted buayu, articulated hnacon: landmarks, etc.~_ L
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Included in their manufacturing 1line are the following types of

equipment:

- Buoy lanterns of Type VP-3, MVP-3

- Range lights of Type LO-1, LO-2

- Rand Mark lanterns of Type RV-10, RV-20

-  "Renpulssi®’ 10-25 flasher

-  Renco Photocell VIC-3

~ Photovoltaic Power systems

- Daytime leading lights

-  "Renprocessor 10-28" Microprocessor based flasher

-~  "Renprogrammer’ (portable programmer for use with the
*Renprocessor”)

*Renco Marine" is a supplier of navigation signals and equipment to
the Finnish Board of Navigation and to KWH Pipe, Ltd. for use on their aids to

navigation.

References for Additional Information:

Interviaw Summary : Appendix A, Section A.2.4.2

2.2.5 France
2.2.5.1 Gisman

Gisman is made up of a group of companies manufacturing a wide
variety of products. As a manufacturer of buoys, they have delivered a number
of buoy types although at this time they are not manufacturing any. 85% of
their buoy business had baen outside France.

As examples of their buoy construction they have noted the

following:

0

The Delphine and Marina GRP buoys are shown in Figures 2-53 and
2-54. The Delphine is manufactured with a flat bottom however a
tail tube can be added as showm in thé figure. It is 2.5 meters
in diameter including the built-in fender. It comes with
various daymarks, topmarks and signalling devices. The French
lighthouse authority has 30 of the Delphine type buoys along the
French coast, replacing larger steel buoys. The 1.4 meter
diameter Marina buoy is similar and is intended for beaconing
channels and port entrances.

A larga underwater gas wellhead marker in the North Sea with a

steel body for ruggedness and a GRP tower for reduced
maintenance.
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o A floating beacon for B8 meter wave heights for the Spanish
coast.

o Floating beacons for 20-30 meter water depth. These all had a
universal joint at the mooring connection.

For the design of buoys Gisman has access to a computer based
mooring response program giving mooring line response. The program can handle
articulated beacons and is available at the "Institut National D'Essais et de
Recordes Nautiques," a semi-governmental organization.

Gisman believes the following are current constraints and potential
beneficial characteristics for buoy design/construction:

o Cost of buoy maintenance operations should be less than current.

o Specific buoy motion characteristics should be designed for the
intended sea conditions.

o With GRP buoys homogeneity of material must be achieved for best
results.

o Unless a light is marking a danger point the continuity of a
light signal is not important.

Although Gisman's market share of ths world navigation buoy business
is small, they believe 60% of the world buoy business belongs to Pharos and
10% to Automatic Power.

References for Additional Information:

Interview Summary : Appendix A, Section A.2.5.1

Buoy Records Appendix B, 2 Entries, Paggs B-676 through
-~ P-68

Buoy Drawings ¢+ Appendix C, Pages C-125 and 126

oo

2.2.6 Germany
2.2.6.1 Pintsch Bamag AG

As one of the leading German and worldwide manufacturers of
navigation aids equipment, this company currently offers marine lante:ns,
headlights, range lights, rotaxry beacons, and road traffic engineering devices
and signals as produced in its plant in Dinslaken, West Germany. Not too many
years ago, the company also offered completely outfitted navigation buoys to
the German Ministry of Transport. The buoys would be designed by a German
consulting firm {e.g. Compass GmbH) in cooperation with the Federal Waterways
Authority's R&D branch (Seeseichenversuchsfeld), constructed by a German steel
manufacturer such as Frans iebold Gabl, and cutfitted by PB Dinslaken for
delivery to the FWA. ' :

' However, the buoy onqrations‘havq recently been transferred to PB's
subsidiary in the Netherlands (Stromag AG) and Dinslaken now only marufactures
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and supplies the equipment cited above. They can still offer a complete line
of steel aid to navigation buoys for the world market when necessary and have
the buoy hulls built in the Netherlands or in England.

The PB standard light buoys fall into two major categories: the DW
series of deep water buoys with tail tubes and counterweights and the SW
series of shallow water buoys with skirt keels. Typical examples of both
types are shown in Figures 2-55 and 2-56 respectively for the DW and SW series
buoys.

Among other navigation aids equipment manufactured by PB are gas
lanterns. According to PB, the German ATON System prefers to use propane gas
in steel lighted buoys since they are very economical. A 200 Kg. cylinder of
liquid propane reportedly lasts more than a year on a lighted buoy. The
character of the light obtained from propane gas is electronically programmed
on most buoys.

References for Additional Information:

Interview Summary : Appendix A, Section A.2.6.1

Buoy Records : Appendix B, 12 Euntries, Pages B-73! through
B-778
Buoy Drawings + Appendix C, Pages C~140 through C-~151

2.2.6.2 Weiselerbojer und Maschinenbau oHG

This firm manufactures steel and plastic inland waterways huoys for .

the German Federal Waterways Adaministration in accordance with the drawings
and specifications prepared by the ‘Seezeichenversuchsfeld®. The £irm has
been able to consistently bid the lowest prices for the comstruction of steel
river buoys within the last 15-20 yaars. 1Its success has been attributed to
the fact that a patented special nold was being used in forming the top and
bottom halves of the thin stesl buoy body which were then welded together
along their overlapped annuli in a sinple production operation. Tha cowpleted

buoy hulls are then shot-blasted to clean metal, the interiors are filled with

plastic foam, ocutfitted, and painted in accordance with the specifications.

Photograph 2-6 shows typical red and green inland buoys, as :

manufactured by WB, on display at en exhibition.
Reforances for Additional Infgrmggiog'

Interview Summary : Appandix A, Section A.2.6.2 o
Buoy Records : Appendix B, 2 Entries, Pag:g B8-683 thxough
B‘

Buoy Drawings : Appendix C, Pages C-136 and C-137

2.2.6.3. Company Gabil
This is an engineering and consulting company which offorn services

to the Garman Federal Ministry of Transport for enginesring and planning of
the maritime traffic -systems. . Bomq located within ooa block of tha
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*Seezeichenversuchsfeld” facilities in Kcblenz, Compass works for and in
" cooperation with SZVF in the development of ATON systems. Specific functions
that they perform include the preparation of specifications, development of
software, carrying out of necessary calcvlations for huoys, and conductance of
optimi{zation studias for new buoy designs.

~ Refevences for Additional Information:

Interview Summary : Appendix A, Section A.2.6.3

2.2.6.4. Hebold Apparateban and Maschinenfabrik GmbH

"Hebold" is an established steel buoy manufacturer according to the
German Federal Ministry of Transport. However, it was not possible to secure
a personal interview with this company. In response to the written survey
questionnaire, "Hebold" stated that they do mnot wish to participate in this
study. When in Germany to visit the German federal navigation authorities and
other manufacturers, another request was made to Hebold. The managing
director of the company stated again that they had not constructed any buoys
for the German government during the past several years and that they did not
have any buoys under constructioi presentiy. He added that for this reason,
it would not be productive to visit their facilitiss in Cuxhaven.

It is known however that Hebold had constructed many types of steel
aid to navigation buoys in the past which are still in use in the German
waterways. Figures 2-57 and 2-58 show several types of lighted and unlighted
steel buoys of Hebold manufacture.

References for Additional Information:

Interview Summary : Appendix A, Section A.2.6.4

2.2.6.5 Wilhelm Weule A/G

This company is located in Goslar, Germany and responded to the
survey questionnaire. The response stated that the firm has no experience in
the manufacturing of complete buoys and that they only deliver cut and
polished glass drum lenses of 200 mm., 300 mm., 375 mm., and 500 mm. diameter.

References for Additional Information:

Interview Summary : Appendix A, Section A.2.6.5

2.2.7 Italy

Italy has a relatively small buoyage system but it is home to
Resinex Offshore, S.r.1., which is one of the well known manufacturers of
articulated beacons. Some data as well as a response to the survey
questionnaire was received from Resinex.
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Contacts were also made during the IALA 90 conference in the
Netherlands with Resinex representatives and those of another Italian
manufacturer, Floatex S.r.l.

2.2.7.1 Resinex Offshore S.r.l.

Resinex was established in 1961 and its facilities are located on
the shores of Lake Iseo, North of Milan, in Italy. This firm has developed
and realized the elastic beacon (an articulated navigation light) as a new
signalling system to replace the traditional light buoys moored with chains.

According to the survey response, Resinex manufactures articulated
beacons of their own design for use in water depths up to and more than 100
meters and with surface currents of 5-6 knots as well as subsurface currents
of more than 2 knots. These beacons provide a very accurate signalling
function. They have a high focal plane for optimum visibility; they
exhibit less motion than buoys; they require less maintenance; and they serve
as a stable platform for easy access during maintenance operations. The
beacon does not rotate around its axis and thus provides an excellent
possibility for the ideal arrangement of solar panels.

Possible configurations of the Resinex beacons are shown in Figure
2-59. The "Standard Beacon" functions as an elastic tension pile held vertical
by a large fully submerged buoyancy chamber. A single mooring shackle and
tension riser allows the pile restricted freedom to move under the effects of
wind, wave, and current. This restricted movement assures that the beacon
accurately marks the dredged channel, fairway, or obstacle.

The beacons can be provided with power sources such as solar
photovoltaic panels, hatteries, or gas containers.

Throughout its development, Resinex states, the articulated beacon
has been subjected to significant improvements with vregard to the float
{buoyancy chamber) configuration and the connection joint of tension riser to
sinker. They hold two patents on the design and shape of the float (one for
open sea applications and one for fast currents) and one patent concerning the
joint connecting the riser to the sinker.

References for Additional Information:

Interview Summary : Appendix A, Section A.2.7.1

Buoy Records : Appendix B, 2 Entries, Pages 8—391 through
B-796

Buoy Drawings : Appendix C, Page C~156 '

2.2.7,2 Floates §.xr.1.

Floatex (FLTX) is a manufacturer and suppiier of buoys, elastic i
beacons  (floating beacons), navigation aid signalling equipment, and

additional non-ATON marine equipaent.
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Their buoys are constructed of steel and range in diameter from 1.3
meters to 2.6 meters. Each of six models come in either a skirt design or
tail tube design. All except the smallest have a detachable cage which is
bolted to the buoy body on welded stools. All tail tube buoys except the
smallest have a detachable tail tube.

FLTX elastic beacons, shown schematically in Figure 2-60 are
manufactured with a tubular steel structure which is sandblasted and
galvanized, a foam filled plastic or metal subsurface float, a tower for
signalling, a sinker and an elastic joint for mooring to the sinker. The
elastic joint has been patented by FLTX.

They believe that their floating beacons have the following
advantages:

o Significantly enhanced position marking as compared to the
traditional mooring chain as demonstrated in Figure 2-61.

o High focal plane.

o High stability which is also advantageous for maintenance
operations as the platform is easier to approach and board than
a buoy.

0 Reduced maintenance as a result of the absence of chain sections
and significant structure at the waterline exposed to wave
action.

0 Thae elastic tubular rubber joint connecting the beacon to the
sinker provides the elasticity to absorh shock.

Refarences for Additional Information:
Interview Summary : Appendix A, Section A.2.7.2

Buoy Records : Appendix 8, 1 Entry, Pages B-797 through
B-799
Buoy Drawings »  Appendixz C, Page C-158
2.2.8 Japan

2.2.8.1 Rippon Koqi Koqyo Co., Ltd.

The Nippon Kogi Kogyo Co., Ltd. (NKK) manufactures buoys and buoy
equipment of various types. The Japanese authority type L-3, L-2 and L-l
steel buoys were designed 1n conjunction with HSA by NKK. The last design was
completed 8 years ago.

NKK believes a steel buoy with FRP superstructure may be an optimum
configuration pgoviding a lighter aid with lower maintenance requirements.
The elimination of the requirement to have an upper platform for light
changing, and therefore stiffer stracture, would help this development as
would changes in the buoy tender requirements. o '
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To overcoms the effects of buoy motion on light visibility they
believe a broader beam light is necessary. One possible solution is the NKK
LED light shown in Figure 2-62 and discussed earlier in Section 2.1.7.1 in the
summary to the IALA '90 Conference paper 3.1.5. The light intensity is lower
but broad and it can be seen for a few miles. The reasons for developing this
light included this characteristic and the low power consumption. The wide
beam is an outfall of the LED light concept.

NKK has also developed a paint marking system to help detect ships

striking buoys, shown in Figure 2-63. They believe the success of this system
is such that 50% of all ships striking and damaging buoys are identified.

References for Additional Information:
Interview Summary : Appendizx A, Section A.2.8.1

Buoy Recoxrds : Appendix B, 5 Entries, Pages B~856 through
B-875
Buoy Drawings : Appendix C, Pages C-174 through C-176

2.2.8.2 Ryokuseisha Corporation

The Ryokuseisha Corporation (RS) manufactures a wide range of buoys,
articulated beacons, power supplies (including wave-generators), and various
signalling equipment for buoys.

The beacons manufactured by RS intended for the open sea are
constructed of steel and are of both tha tail tube and skirt type ranging in
diameter from 1.2 to 3.0 metexs. Thay also have a series of open sea steel
buoys speciaily designed and fitted with wave generators ranging in size from
1.36 to 6.0 meters in diameter. Their smaller range of buoys, used for
location marking in harbors and rivars or in designating dangercus areas and
woriting areas for dradging and reclaiming are manufactured of varicus plastics
including polyurethane foam, FRP with polyurethane foam filling and ABS
resing. 7Figure 2-64 shows three of these plastic buoys.

The buoys with wave-act!vatcd generators are also configured with
solar panels and batteries to supplamant tha wave ganerator where necessary.
RS has provided a comparison of purely wave-activated generator buoys and
solar/hattery powered buoys with xesults shown in Table 2-14. It is indicated
that the initial cost of ths wave generxator system is higher but the semi-
total costs of over a 10 year period ars 6-7% less, with any damage or repair
to solar panels neglected.

RS also has a standard series of floating beacons which they call
Light Tower Buoys as showm in Figure 2-65. In early Fabruary they installed
13 of the MITV-10RA typas in Tokyo Bay and 31 in Osaka Bay. The &5 floating
bencore have both tha floatation chamber and tha buoy body constructed of
steel. The connection to the mooring is by a patented universal joint
dnveioped in Australia, As required by the Japanssa authority all the beacons
in Tokro and Osaka Bays had synchronized flashing systams.

RS also has a ship paint wmarking syatan for idnntiiysng nhips
colliding with buoys.
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Wave-activated Solar Battery
Generator System | Power Supply System

Cost of whole unit 100.0 79.2
Cost per output unit 100.0 155.3
Cost per weight unit 100.0 64.3
Cost per area unit
(required for power 100.0 56.8
generation)
Maintenance Cost:
0-2 years 100.0 150.0
2-4 years 215.0 340.0

The aggregate cost for |0 years can be assessed as follovs for each system:

Wave-activated Soiar Battery
Generator System | Powe: Supply System
Cost of Powar Generator] yS$$,$70.920 Uss$3,889.29
Cost of Maincenance
for 10 years Us$10,548.90 Us$13,363.9
(ef,'}‘,‘,’,‘,, Uss16,118.99 N§917,252.99

Note: 1)  In case of Solar Battery Power Supply System, where solar pane!s
are often bioken, the above cost dues not Include such expenses
for repairs and changes of solar panels. In case of Wave-activates
Generator System, its turbine, generator and valves scarcely
break down.

TABLE 2-14
RYOKUSEISHA COSTS -
SOLAR VS. WAG
COMPARISON
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References for Additional Information:

Interview Summary : Appendix A, Section A.2.8.2

Buoy Records : Appendix B, 19 Entries, Pages B-876 through
B-951

Buoy Drawings : Apperdix C, Pages C-178 through C-182

2.2.8.3 Zeni Lite Buoy Co., Ltd.

Information on Zeni Lite Buoy Co., Ltd. (ZLBC) buoys was forwarded
by the Japanese and Australian authorities and was also obtained from ZLBC at
the IALA '90 Conference.

ZLBC manufactures a wide range of navigation buoys and floating
beacons, The buoys include lighted steel and tail tube types, unlighted
polyurethane foam filled steel types, swift current steel or aluminum buoys
with tail tube or disc type hulls, and severs sea condition foam filled steel
and aluminum hull/superstructure types and some smaller GRP light buoys.

ZLBC manufactures a line of resilient light beacons. Thase are
available for water depths from 10 meters to 25 meters and currents up to 3.0
knots. The construction is predominantly of steel for strength and rigidity
with an aluminum superstructure to increase stability and 1lessen heeling
presumably due to the lighter weight. The connection to the mooring is by a

short chain although other conrections will be considered as shown in Figure
2-66.

References for Additional Information:
Interview Summary : Appendix A, Section A.2.6.3

Buoy Records : Appendix B, 2! Entries, Pages 8~952 through
B-1029
Buoy Drawings ~+ Appendix C, Pages C-194 through C-197

2.2.8.4 Gakuyo Toki Kogyo Co., Ltd.

Gakuyo Toki Kogyo Co., itd. (GTK) is a manufacturer/supplier of
various electronics and equipment for aids to navigation buoys. GTK does not

design or manufacture the buoy thamselves, but they do supply tha topmarks for
aid to navigation buoys.

GTK has found that buoy lighting systems worldwide do not have the
best reliability. On the othar hand, GTK has a lighiing system that cen last
10 years as oppesed to others only lasting 3 years. The cost of the 10-year
system {s approximately 150% of the cost of the 3 year system. This high
reliability system is the GT-2005 which incorporates a lamp changer, flasher
and a molded glass lens. The lamps thamselves have a life of 500 hours. '

GTK is currently developing a Global Positioning System (GPS) driven
onit wiich periodically checks the position of the buoys om which it is
carried. : - _
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References for Additional Information:

Interview Summary : Appendix A, Section A.2.8.4

2.2.9 The Netherlands

2.2.9.1 Stromag N.V./Pintsch Bamag N.V.

In the Netherlands Pintsch Bamag works within the firm Stromag N.V.
(Stromag), who is the largest supplier of ATON in this country. (Also see
Pintsch Bamag in Section 2.2.6.1.)

Str_mag delivers 50-100 buoys per year, the principal types being
their 2.2 meter (SW 220 EZ) and 2.6 meter (SW 250 EZ) steel buoys which are
shown in Figure 2-67. Construction is subcontracted to a Dutch fabricator but
all work is done in accordance with Stromag designs. Most of Stromag's buoy
hull business is in third world countries.

Stromag believas that the topmark approach to lateral identification
is better than buoy body shape significance as 1t allows for provision of a
reasonable access to the signalling devices atop the buoy. They fit rubber
fenders to the upper part of the buoy body to offer some protection from
collision and have found that utilizing 10 mm thick plate results in buoys
lasting 25-30 years.

Powering of Stromag buoys is by solar charging of batteries. In
tropical areas they change batieries between 2-5 years, In the Netherlands,
battery changes occur at 7-8 year intervals. To maintain long life of a
battery, a good solar regulator is most important. Direct and constant
charging of batteries is not good.

It is important to see a light at 4 to 5 miles. Wider angle 1light
i{s more effective aven though the light may be less powerful.

Paferences for Additjonal Information:
Interview Susmary : Appendix A, Section A.2.9.1

Buoy Records : Appandixz B, 5 Entries, Pages B-1036 through
B8-1055
Buoy Drawings : Appendix €, Pages €-202 through C-206

2.2.9.2 Al}_Marine

All Marine services range from procurement/installation of Luoys and
other navigational aids to the completion of detailed port surveys and the
provision of pilotage seivices. ) .

Recently they did have an opportunity to design a buoy for ice
conditions, which they call the All Weather Duty Buoy which is shown in Figure
2-64. This project was initiated based on their experience with The
Nethe:.:nds authority on damage to buoys in ice during 1987. This buoy was
nodoled after the U.S. Coast Guaxd 7 & 20 LI lighted Steel Navigational Ice
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Buoy. It is comstructed of steel with three watertight compartments and was
model tested at MARIN (see Section 2.2.9.3 below) to verify its performance
characteristics. There has been no ice in the Netherlands since the buoy's
placement and hence the success of their efforts is not known.

References for Additional Informatjon:
Interview Summary : Appendix A, Section A.2.9.2

Buoy Records : Appendix B, 1 Entry, Pages 8-1056 through
B-1058
Buoy Drawings : Appendix C, Page C-208

2.2.9.3 The Research Institute Netherlands (MARIN)

The Maritime Research Imstitute Netherlands (MARIN) performs
research and development, comprising of consultative assistance, mathematical
modeling and model experiments for the shipbuilding, shipping and offshore
industry and for Governmental and Inter-Governmental bodies. MARIN has at
times developed mathematical modeling for buoys and has conducted model
testing. The buoys have usually been larger mooring buoys of companies such
as SBM, IMODCO, SOFAC. Their personnel have published some work on buoy
hydromechanics.

MARIN has carried out testing for All Marine on a navigation buoy
intended for use in extreme env.ronmental ~onditions including ice. Ice tests
were carried out utilizing paraffin to model ice as shown in Figure 2-69.
They note that in conducting tests it is more cost effective to test several
buoy models simultar .uzly as the greatest cost is for rental of the tank
which can accommodate several buoy tests simultansously.

MARIN nas been active in the field of training pilots and ship
officers in ship, handling with their real-time simulators. They have also

been involved in sea traffic and accident analyses and have a Vessel Traffic
Services (VTS) simulator for training of VIS operators.

Re“erences for Additional Information:
Interview Summary : Appendix A, Section A.2.9.3

2.2.9.4 Marine Analytics B.V,

Marine Analytics B.V. {s a consultant involved in marine traffic and
navigation investigations.

They were involved {n a study by the Netherlands authority to
consider the improvement of navigation on the North Sea considering the
coherence of the total system rather than by improvement of the several
individual components, reported on at the IALA '90 Conference and summarized
in Section 2.1.8. : . '

This study was based on the fact that the use of radars is -

widespread on board ships. They have assumed 90% of all vessels will have a
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radar and 75% of all others will have two radars. Within 6 or 7 miles of
shore, all ships will need the visual aids and pleasure boaters will need it
the most when close to shore. Farther offshore, RACONS or selected
lighthouses should provide adequate markings to be identified by ship's radar.
Therefore, the amount of offshore buoyage can be reduced from today's levels.
Figure 2-70 demonstrates the buoyage reductions off the coast of the
Netherlands.

References for Additional Information:
Interview Summary : Appendix A, Section A.2.9.4

2.2.9.5 Damen Shipyards

Damen Shipyards have a number of yards throughout the world
producing small to medium sized vessels of all types.

They have built a number of buoy tenders. Figure 2-7]1 demonstrates
the six classes of tenders for which data were obtained during the IALA '90
Conference.

References for Additional Information:

Interview Summary : Appendix A, Section A.2.9.5
2.2.10 Norway

2.2.10.1 Ticon Plast Industries A/S

Ticon Plast (TP) manufactures the line of ATON buoys known by the
trade name of "SELCO MARITIME SYSTEMS'. Its plant is in Drammen, Norway where
thesa plastic buoys are manufactured manually by a hand lay-up process. TP
stated that the numbar of buoys procured per year by the Norwegian Coast
Directorate does not justify investing in an automatic production line for
ATON buoys. The company does have mold and pattern shops and employs other
types of production processes including vacuum injection, wet-vacuum molding,
and press-molding when and if required by the customer's specifications.

SELCO MARITIME buoys are identified by type numbers. Table 2-1%
lists the principal characteristics of various types and Figure 2-72 1is an
{llustration of the Type 7 lighted buoy which is being used by the Norwegian
Coast Directorate.

References for Additional Information:

Intexrview Summary : Appendix A, Section A.2.10.1

Buoy Records ¢ Appendixz B, 11 Entries, Pageg B-1083 through
B-1124

Buoy Drawings : Appendi: C, Pages C-210 to C-213 and

C-216 to C-226

157

R P




N\ N

A. NAVAID ZONES - THE NETHERLANDS , NORTH SEA. @ B. Pt
NORTH/ SEA. RADIQ AIDS TO

NAVIGATION.

1/ 0 THE NETHERLANDS .

RECREATIONAL LONE
- VISUAL ALDS. .

‘RADAR ZONE
RACON COVERAGE.

B e L T e W Ay s




KEY.

+ BUQYS AND LIGHTHQUSES.

(& RANGE OF RACON.
=== CHANNEL FAIRWAYS.

' /
B. PRESENT NAVALDS.

NORTH/SEA. *

THE NETHERLANOS.

 FIGURE 2-70-A
MARINE ANALYTICS:
NORTH SEA COASTLINE

~ MARKING

158




O

BN .
C. PROPOSED RACONS ON LIGHTHQUSES ALTERNATIVE.

NORTH/ SEA.

. THE NETHERLANDS .

D. PRC




KEY.
+ BUOYS AND LIGHTHOWSES.
(> RANGE OF RACON.
= CHANNEL FAIRWAYS .

- - .

0. PROPQSED QACONS ON BUQYS ALTERNATIVE. é

NORTH/ SEA . \

THE NETHERLANDS .

E‘IGURE 2-70-6
VBRINE ARALYTICS:
NORTH SEA COASTLINE
MARKING

159




e s r—— S e g b R

1. M.V. NIEUWE DIEP - LOA 38.00m

.- ~ 3130
y e, /
L_m,u,,%'/W

.................................

2. M.V, ROTTERDAM - LOA 44.40m

-\ TR IS TSN M

3. DAMEN MULTI CAT 25x%10 - LOA 24.96m

FIGURE 2-71°
DAMEN SHIPYARD:
BUOY TENDER DESIGNS

160

P BT




_ B ,f
= ’ £
. A | R
G = -
[] I EEER & -
el i R
EAA ”-‘. -u-

wlnd +
. o A w35 WK SRt
I SRR W ¢ PR 8 s

DR W A A 8 O N Y,

% . .
Ei o . TS Foliel ol
aeASE Canbam 2ebast sasad Saeds olas o 4 v v o—

M.V. SAMBUIA - LOA 30.00m

FIGURE 2-71
Continued

161

AR LA AN £ TR s




KEY.

H < BUQY LENGTH (HEIGHT).
N - FOCAL MBIGHT.
J - DIAMETER.

o - METERS .

Rigid

Plastic
Type : ) 5 6 7 3 9 10
Em 765 | 430 | 3.80 | 6.10 | 500 | 285 | 3.15
h m 500 | 280 | 1.85 | 405 | 225 | 180 | 2.10
@m 0.41 | 042 | 058 | 058 | 080 | 122 | 1.22
Volume ém3 | 175 | 300 | 500 | 600 | 1400 | 900 | 2050
Weightkq | 45| S0 | 110 | 140 | 130| 145 | 188
Ballastkg | €5 100 | 150 | 200 | 6001 350 | 350

_ ,

Type BT 1B ] 23 1 24125 i7A!268
Hm 260 | 715 | 1.20 | 200 | 175 | 395 | 60
gu‘? 300 | 440 | 060 | 135 L10 [ 238§ 330
@m 230 070 | 081 {122 122 _ng
Volume dmd | 1950 | 1100 ] 180 | 2080 Sgg 1760]2
Weigntkg | 36| 2451 401 150 10 |
(Balswkg | 515 0| 401 400 395 450*"‘""‘,

TABLE 2~15

TIC'O'N PLAST BUOYS
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FIGURE 2-72
TICON PLAST TYPE 7
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2.2.11 United States

2.2.11.1 Tideland Signal Corporation

Tideland Signal Corporation (Tideland) carries out research,
engineering and production of navigational aids and solar electric generators
including lanterns, fog signals, buoys and electric monitoring systems. At
one time Tideland maintained a large number of aids and marks for the oil
industry in the Gulf of Mexico which were raintained with 90 ft. boats.

Tideland stated that they were pioneers in GRP buoys. These were
developed for countries having limited equipment to maintain buoys. Two of
their earliest GRP buoys purchased by the City of Cleveland, Ohio 20 years ago
are still in use. These were derived from an early USCG design.

Tideland has carried out extensive testing with plastic to determine
the best materials for buoy applications. They believe that some plastic
buoys have suffered from being developad without a well thought out design or
quality coastruction.

Their latest plastic buoy design, the 5'-9" diameter SB-138 Sentinel
Navigation Buoy shown in Figure 2-73, was developed on a systems basis. It
has a fiberglass core. The outside of the buoy body is shielded by a 4" thick
elastomer skin to absorb impacts. The solar panels are integrated into the
hull and it has an internally fitted Luneberg lens.

They have built some very different types of GRP buoys. The
Sentinel SB-826 Series C sea buoy shown in Figure 2-74 is constructed of flat
fiberglass panels with spiral wound filament. These buoys are filled with
polyurethane foam and have been repaired on site. Their 8 ft. diameter hull
is fitted with deck-mounted battery boxes and a ladder leading to the
signalling devices mounted atop the radar reflector. Some features noted for
this buoy are: easier servicing and prolonged on-station life, 50% weight
reduction over similar steel buoys, and the bulkheuads in the foam-filled
floatation compartments.

Tideland manufactures the SAB-12 Sentinel Articulated Buoy shown in
Fiqure 2-75. This has been a successful design with the use of a taut moor
between the sinker and the hull which avoids the buildup of structural loads
that can occur in more rigid connections like universal joint. The taut moor
is pre-tensioned by the use of a buoyancy chamber constructed of Surlyn foam.

Tideland believes that in order to reduce the cost of buoys, it
would be prudent to consider manufacturing and inventory economics. For
example, if buoy size could be scaled down to a more unified and standardized
basis perhaps different type and size buoys could be assembled from identical
components. This would provide an assembly system from limited inventory
couponents of any size and type buoy. They also believe that procurement
policies based on purchasing buoy components separately inhibits an integrated
system design approach.

Tideland believes that as RACON technology advances it may be used

to detarmine whether a buoy i{s on station or not, and if not, its RACON code
could change automatically to warn mariners.
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References for Additional Information:

Interview Summary : Appendix A, Section A.2.11.1

Buoy Records : Appendix B, 11 Entries, Pages B-1330 through
B-1371
Buoy Drawings : Appendix C, Pages C-276 through C-286

2.2.11.2 Automatic Power, Inc.

Automatic Power, Inc. (API) entered buoy design in the late 1960's
and at that time most of their buoys were sold to oil companies. Now API is
part of the Pharos Group of companies which have their headquarters offices in
Sweden. In addition to buoys, API has a full line of buoy equipment including
signalling devices, power supplies and moorings.

APl designs its own buoys. Pharos has its own designers in England.
AFI sells buoys all over the world except in South America where their designs
are built in steel, fiberglass and combined steel and fiberglass.

API manufactures a buoyant beacon of steel with foam filled steel
floating chamber and a shackled connection to the sinker as shown in Figure 2-
76. Three to four of these are manufactured per year.

All offshore buoys manufactured by API are constructed of steel.
They feel that this material has demonstrated its superiority over the years
as there are steel buoys which have been in service for more than 40 years.
The buoys shown in Figures 2-77 and 2-78 are examples of models for
unprotected deep water. They do manufacture a series of small GRP buoys
mostly used in calm waters such as lakes and rivers.

The range of floating markers manufactured by Pharog Marine are
shown in Figures 2-79 and 2-80.

References for Additional Information:

Interview Summary : Appendix A, Section A.2.11.2

Buoy Records : Appendix B, 19 Entries, Pages B-1372 through
B-1446
Buoy Drawings : Appendiz C, Pages C-298 through C-297

2.2.11.3 The Gilman Corporation

The Gilman Corporation (TGC) has been manufacturing foam buoys for
about 12 years. Their buoys are constructed of Surlyn (a DuPont chemical)
ionomer resins and metal hardware. These foam buoys are concentrically
wrapped, continuously heat sealed and then densified to produce a tough outer

skin. The foam mass from which the buoys are made can be shaped to any
exterior contour by heat cutting.

TGC has used this technology to manufacture navigational aids for
the U.S. and Canadian Coast Guards. Currently they are manufacturing second
through sixth clsss foam unlighted buoys for the USCG shown in Figure 2-81.
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F ‘IOI ‘!o.
G 2)‘. 3'0'
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Figure 2-82 indicates the construction of a fifth class buoy which, for the
case in the figure, has been fitted with a light. TGC has recently
constructed the log shedding and fast water buoys shown in Figure 2-83.

The Surlyn foam used to construct the buoys is intended to remain
tough and effective even when subjected to repeated impact, low temperatures
and chemical attack. It is reportedly well suited for marine applications
since it offers low weight, low density, toughness, durability and excellent
resistance to environmental agents, such as radiation, salt, fuels and
chemicals. '

TGC has also constructed float sections for Tidelands articulated
beacons as well as for buoys utilized for oceanographic purposes (also see
Woods Hole Oceanographic Institution and Mcoring Systems Inc. in Sections
2.2.11.5 and 2.2.11.12, respectively).

References for Additional Information:

Interview Summary : Appendix A, Section A.2.11.3
Buoy Records : Appendix B, 1l Entries, Pages 1139, 1144,
1152, 1164, 1180, 1188, 1196, 1207, 1222,
1238 and 1447-1450
Buoy Drawinge : Appendix C, Pages C-271 through C-275 and
Page C-298

2.2.11.4 Uzethane Technologies, Inc.

Information including a response to the survey questionnaire was
obtained from this firm through written and varbal corraspondence. Accoxding
to the Company Brochure and other documents Urethane Technologies (UT)
manufactures collision survivable buoys of one of the following types of
construction:

a. Closed Cell Crosslined Polyethylene foam buoy with a
tough polyurethane skin. Larger units of this type have

Spectra fabric reinforcemant in the poly-urethans skin. -

b. Surlyn foam body with a densified Surlyn foam skin.

UT states that constxuction (a) is *tougher and more attractive than
congtruction (b) but it i3 also more expensive than (b)*. Figure 2-84 and
Photograph 7 show UT's Fast water Chkannel Marker buoys of CAN and NUN types.

Ref e £ a4t 1_Inf ion:

Interview Sumsary : Aopendix A, Section A.2.11.4

Buoy Raecords : Appendix B, 13 Entries, Pages 1136, 1144,
1152, 1164, 1180, 1188, 1196, 1207, 122, 1238
and 1451-1462

Buoy Drawings + Appendix C, Pages C-271 to C-275 and C-300 to

c-303
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2.2.11.5 Woods Hole Oceanographic Institution

The Systems and Mooring Department of the Woods Hole Oceanographic
Institution (WHOI) serves the needs of the other WHOI departments for buoys to
carry their systems. The WHOI buoys are primarily open sea data buoys for
deep water and of either the surface or subsurface type.

They believe that a buoy utilizing Surlyn foam as a peripheral
collar providing the means of floatation and with steel or aluminum cages and
untderbody mooring structure and central core is a good alternative offering
improvement over previous designs. Use of Surlyn supersedes painting
requirements and cuts buoys' weight in half., Figqure 2-85 shows the ESOM buoy
they have constructed of Surlyn foam/aluminum.

WHOI is constantly testing new material applications at their test
site offshore Bermuda. The Office of Naval Research is also supporting this
effort. They have investigated Surlyn foam at this site and conclude in
Reference 44 that it:

'-.Ao QOffers manyAadvantagés as a buoyancy macerial for surface. buoys.
0. Has low weight/vclumg_rafio.

o Is a tcugh material “which is reaistant_' te: the marine
©oenvi ronment .. : .

o Needs no painting,

WHOI hasn their owa deep water- mocring analysis computer -program

named SURFMOOR.

References for Additional Informatioun:

Interview Summary : Appendiz A, Section A.2.11.5 .
2.2.11.6 Banthos, Inc.

Benthos, Inc. (s a manufacturer of equipment for underwater imaging,
hydrospheree, acoustics, remotely operated submersible vehicles and glass
spheras for underwater flcatation {n deep water moorings. They are not, nor
have they ever been, involved directly with navigation buoys.

References for Additional Information:

Interviow Sutmmary : Appendix A, Section A.2.11.6

2.2.11.7 Heat Tranefer Systews, Inc.

This 48 a steel and aluminup fabricating company located in St.
Louis, ¥O which menufactures, under contract to the USCG and in  accordance
with tha USCG drawings and specifications, several types of aid to navigation
huoys. A brief visit was made to this facility duriny the intexview hald with

180




ETORE.

t
T'
, T
L} o / T _WE
7
St rrapetint. Y
¢'4"
- SURLYN FOAM
L HOLONG JTRAR
T _papasy
» | JENGION CELL
|
ma"'
oot 4

FIGURE 2-85

WOODS HOLE:
HEMISPHERICAL BUOY

181




USCG Base St. Louis in the course of Task A efforts. The following types of
buoys were observed to be in production during the visit:

o 4th and 6th class unlighted steel, foam filled river
buoys cf can and nun types.

o 8'x20' and 9'x35' steel buoys.
o Aluminum data buoys.
o Aluminum NOMAD buoys.

References for Additional Information:

Interview Summary : Appendix A, Section A.2.11.7

2.2.11.8 Bahr Technologies, Inc. (LocUS)

This firm, which has since changed its name to "LocUS Navigation,
Inc.," is a designer and developer of state-of-the-art microprocessor based
products. Its facility is in Madison, WI.

LocUS has a patented new LORAN receiver which they claim is a self-
reliant piece of equipment using standard power. It is a miniature receiver
which can broadcast and identify the buoy's position with accuracy and can
therefore be very helpful in locating buoys that frequently drift off-station.

Basically, LocUS states that they are able to provide the highest
performance battery-powered LORAN system available. Such a system, they add,
is ideal for use in buoys and can tremendously enhance the navigational
function of any buoy regardless of its primary application {e.g. channel
navigation, oceanography, or search and rescue).

References for Additional Information:
Interview Summary : Appendix A, Section A.2.11.8

2.2.11.9 Rotocast Plastic Products, Inc.

Rotocast has bean manufacturing a line of commercial buoys since
1978 and has also manufactured, under contract, fast water buoys for the U.S.
Coast Guard. The commercial buoy line is intended primarily for use in inland
waterways.

References for Additjional Information:
Interview Summary : Appendiz A, Section A.2.1l1.9
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2.2.11.10 Seaward Intermational, Inc.

Reportedly, Seaward International, Inc. (Seaward} originated the
resilient foam filled marine fender. They have extended this technology and
experience into the field of buoy design and manufacture.

The Seaward “Sea Float" style buoy, a spar buoy version shown in
Figure 2-86, incorporates a steel core surrounded by rigid closed cell foam
which is itself covered with a resilient urethane elastomer skin. This
composition reportedly gives them the £lexibility to manufacture buoys of
almost any shape, buoyancy, color and serviceability. Advantages of <these
buoys cited by Seaward are resiliency, unsinkability, little or no maintenance
and indefinite life expectancy.

References for Additional Information:

Interview Summary : Appendix A, Section A.2.11.10
Buoy Records : Appendix B, 1 Entry, Pages 1463 through 1465
Buoy Drawings : Appendix C, Page C-304

2.2.11.11 Racal Survey, Inc.

Racal Survey, Inc. (RSI) is a division of Racal Data Communications,
Inc. Currently they supply surface positioning systems to the Mine Counter
Measures group of the U.S. Navy. RSI has also gained additional positioning
experience with hydrographic surveys, ship trials, drilling rig positioning,
seismic surveys, dredging, etc.

Few of their standard systems are the Micro-Fizx short range
microwave interrogation technique position ¢£ixing systems utilizing user
provided shore based remote stations; and the Hyper-Fix microprocessor based
medium frequency phase comparison technique positioning system, also requiring
user provided shore based remote stations.

References for Additional Information:
Interview Summary : Appendix A, Section A.2.11.11

2.2.11.12 Mooring Systems, Inc.
Mooring Systems, Inc. provides a number of buoys and mooring
components. Their buoys as ezhibited during the Marine Technology Society '90
Conference and Exposition (some 1in conjunction with the Gilman Corporation,

see Section 2.2.11.3) are designed with metallic superstructure, central core
and mooring linkage with a Surlyn foam flotation collar.

Figure 2-87 showe their Lighted Guard Buoy which has the appearance
of a lighted navigation buoy with light atop a cage structure.

References for Additional Information:
Interviea_Sunnaty : Appendix A, Section A.2.11.12
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2.2.11.13 Alu-Power, Inc,

Alu Power, Inc. has developed an aluminum-dissolved oxygen (ALDOS)
seawater battery. The cells are an open system with inlets and outlets for
seawater entry and exit. It consists of an aluminum alloy anode and an inert
cathode substrate at which the dissolved oxygen discharges and an electrolyte
gap. The cell reaction product, aluminum hydroxide, exits from the cell as an
environmentally innocuous precipitate which is then dissipated in the ocean
current. In buoy applications they believe such a battery can be used either
directly or as a recharger for a lead-acid or similar battery.

Alu-Power has other seawater batteries as well. Table 2-16 iists
physical characteristics and other information pertinent to each available
type.

References for Additional Information:

Interview Summary : Appendixz A, Section A.2.11.13

2.3 International Association of Lighthouse Authorities (IALA)

The ground work for the "Association Intermationale de Signalisation
Maritime (AISM)", International Association of Lighthouse Authorities (IALA)
can be traced back to 1889. During the World Exhibition in Paris, France
during that year the first of a series of international conferences dealing
with aids to navigation was held. This first meeting had an attendance of 243
delegates and there were two technical contributors on aids to navigation:

- Fleischer, Inspector and Engineer~in-Chief of the Lighthouses of
Denmark: "The characteristics of the Lights and Fog Signals
Associated with Tham."

- Charles Ribiere, Lighthouse Enginser, Paris: “"Note on Floating
Lights."

In the decades that followed representatives of nations interested
in ATON ware able to arrange a number of meestinge in conjunction with those of
othar organizations. During tha Fifth Intermational Conference on Lighthouses
and othar Aids to Navigaticn held in 1955 {n Schaveningan, Tha Netherlands, it
was noted that thera {8 clearly great {mportance in the interchange of views
in the fisld of technical development of marine signals and that it seemed
appropriate to considexr the queation of a permanent secratariat to carry on
the work of such an organization. As a result, IALA was founded on July 1,
1957 with twenty Lighthouse Authorities as {nitial members. Reference 39
describes the historical aspects in datail. The IALA pembars ore the
navigation authority administzations of nations belonging to IALA. Associate
mepbers and industrial members ars also adsitted. The Cossandant, the U.S.
Coast Cuard is the authority membar for the United States. A complete list of
mexbars is given in Reference 40. o

The primary aie of tha IALA {s to mest the needs of the mariner, by

providing ATOR that will enable him to datermine his position reliably, wam
him of dangers and ensure his safaty. As part of this goal, they have
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developed the IALA Maritime Buoyage System (MBS), Reference 41, to provide a
single set of recommendations which apply world-wide to all fixed and floating
marks, lightships and large navigational buoys. Associated with the MBS they
have published a series of other quidelines and recommendations listed in
Appendix A.1.10 and the IALA NAVGUIDE, Reference 42.

The IALA MBS recommendations provide for the world to be divided
into two buoyage regions: Region A where the surface and light colors of
lateral marks are green to starboard on approaching a harbor, river, estuary
or other waterway from seaward and red to port, and Region B where red color
is to starboard and green color to port. In all other respects the
recommendations are identical for both regions. The United States subscribes
to Region B. Although the recommendations of the IALA MBS were not agreed to
in their final form until November 1980 in Tokyo, many administrations had
already begun to implement the new system in their waters as early as mid-
1977. By the beginning of 1982, large areas of the world's coastal waters had
been completely converted to the new systenm.

Within the IALA MBS there are 5 types of marks which may be used in
any combination: Lateral Marks, Cardinal Marks, Isolated Danger Marks, Safe
Water Marks, and Special Marks, Lateral marks differ between Buoyage Regions
A and B as described above, whereas the other ¢ types of marks are common to
both regioas.

The Mariner can readily distinguish between these marke by the shape
and surface colors or at night by the color and rhythm of the lights. An
administration can choose whether it wishes to make use of all or only some of
the 5 types available. The choice will depend upon the confiquration of the
coastline, the typs of sea bed, depth of water and type of traffic. As an
example, the U.S. has opted not to use the Cardinal marks. Reportedly these
are very useful and cos* sffective tools although not always popular with
pleasure boaters who are more partial to explicitly marked channels.

Table 2-17 which is reproduced from Reference 43 lists the IALA
membay administrations and the numbar of their ATONs at the end of the year
1988. Table 2-18 from the same reference lists the staff and service
transport vehicles.

The IALA view is that well-constructed, simple equipment, if
carefully naintained, can often be more valuable to the mariner than
sophisticated equipment not operating properly.

IALA has observed that a numbex of countries, including the United
States, had introduced ths use of GRP for their baoys with enthusiasm which
had over ths yeats waned.

Regarding buoy tenders, eulti-purpose vessels are not specifxcally
as good as dedicated buoy tenders.

Vessel %ratfic Service (VTS) systems have a high profile in IALA,
The U.S5. Coast Guard had dropped coasideration of VIS but with the EXXON
VALDEZ disaster it has regained censideration. As an example of VIS in Noith
America, Canads has uxtsnsive VIS including in remote areas where lhip traffic
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STATISTICS OF AIDS TO NAVIGATION AS AT THE 31ST DECEMBER 1988
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is infrequent. With VTS systems, fewer aids to navigation are necessary since
mariners have another means to keep them in position.

The IALAR '90 Conference was held in Veldhoven, The Netherlands in
June of 1990. An overview of the Conference is given in Appendix E. The
major topics addressed in separate sessions were: Systems Approach;
Management Issues; Navigation Guide; Fixed and Floating Aids; Radionavigation;
Exhibition of Manufacturer Equipment; Aspects of VIS and Civil Engineering.

Of particular interest is the general report made by Mr. Martonen of
Finland, Chairman of the Committee on Floating and Fixed Aids. He summarized
the state of affairs since the last IALA Confarence 5 years ago as follows:

o Today the performeance of buoys is increasingly described by
mathematical models.

0o General trends with floating aids are:
- Design based on tank tests
- Performance data collected from buoy stations
- Longer service pariods
- Better materials

- Conversion of buoy stations to fixed aids to navigation
stations.

0 The community should report on unsuccessful as well as
successful buoy designs so that all may learn.

o Control Microprocessors are increasing in application.
0 General trenmds with servicing craft:
- Smaller units needed to service new energy sources.
- Increased automation and crew reduction.
-« Better position keeping capabilities.
0 Energy Sourceas.
- Increased Solarisation.
- Solarization being #pplied to larger and lgrger lights.
- New power sources making s breakthrough. |
- Reduction in prevalent light ranges.,
- winn_nnprqy still being considered.
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- Wave Energy generators are maturing.

- Some new breakthroughs 1like the seawater power call
developed in Norway (See Section 2.1.9).

Many voluminous and important publications were unveiled at the
Meeting inluding "The NAVGUIDE" and the "IALA Guide to the Availability and
Reliability of Aids to Navigation', References 42 and 44 respectively.

A session of the Conference was devoted to reviewing the NAVGUIDE.
It is noted in its Foreword that the NAVGUIDE will assist those planning for
the future as it deals with the needs, required accuracies and the selection
of a suitable mix of navaids to meet particular circumstances. It is noted
that the following are some of the changes that have taken place that have
caused Lighthouse Authorities to reconsider the needs of the mariner and the
aids to navigation he requires:

- The changing economic and social climate requires savings in
capital and maintenance costs, and thus the need to reduce
manning levels. In mpany countries personnel are no longer
willing to endure long periods of isolation or discomfort.

- The increasing use of radar and radar devices requiring the
introduction of radar reflectors, racons, etc. either instead of
or supplementary to lights and daymarks.

- A changing pattern of sea trade, the establishment of routing
systems and a greater management of traffic via Vessel Traffic
Services (VI'S) or radio comminications. The shifting of traffic
to developing countries away from former trading areas. In some
cases reduction of skill levals for those manning the ships, and
in other increased awareness of and reliance upon elactronic
rather than traditional aids to navigation.

- An enormous increassa in the number of pleasure craft in many
countries.

- The need to standardize equipsent; to simplify maintenance;
ensure economies and possibly reduce the numbers of vessals used
for saintenance purposes. _

- An enhanced nesd for short range navigational accuracy. Ships
are now larger and the safety sargins in texms of depth and
width of channsls are smaller.

A summary of tha ﬂAVGﬂSDE Chapters follaua*

CHAPTER 1: Background

gives an ovarview of what navigatlun ia and the considerations
involved in ths dsterlinatinn of policy by Lighthouse Authorities.
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CHAPTER 2: Navigation Requirements for Accuracy

discusses accuracy; the general conceptions of what accuracy is and
means to the mariner. The need for accuracy is covered and the
chapter includes notes on hydrographic accuracy related to
surveying. <Comment is made on the relationship between the accuracy
of any aid to navigation system or mix and the scale of accuracy of
the navigational chart. A philosophy on accuracy leads to
recompendations on the level of accuracy being used. It concludes
that 4in IALA documents the stated accuracy of a two dimensional
fixing system should, in principle, be the radius of a circle in
which a fix had a 95% probability of being found. The center of the
circle is the true position in the case of absolute and predictable
accuracies. In the case of a repeatable accuracy, it is the mean
value of a number of measurements.

CHAPTER 3: Availability/Reliability of Aids to Navigation
Failure Response Time

uses extracts from the IALA Guide to Reliability to discuss the
performance standards of aids to navigation. It includes
recoamendations on the desired levels of performance of aids to
navigation to be achieved.

It is noted that the large amount of data yathered by IALA shows
that as & general rule light buoys have an availability ranging from
99.9% to 97% depending on local conditions ard the type of power
supply. It is suggested that the absolute wminimum level of
availability should be set at 95¢ but that it should be possible to
provide a system of aid that gives an overall acceptable level of
availability even though individual units of the system may on
occasions fall below 95%

CHAPTER 4: Standardization of Aide to Navigation

briefly assesses the advantages to be accrued f£from the
-standardization of equipment. The bensafits <f standardization arxa
summarised as:

- fewsr different types of equipment in use means that fewer
maintanance personnel are required.

- less sparas need to be stored leading to

_a. Less spaca baing utilized for apares reducing rents or
releasing space for sore productive usa. :

b, Less capital being tied up as an investment in spares.
« it can lead to better liaison betwean authorities and

manufacturers of equipment and may lead to econonies through
larger ordors of certain types of equipment.
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- it allows greater flexibility and certainty in the replacement
of parts on station. This coupled with the greater familiarity
of technicians with the equipment can lead to less downtime
following a failure of an aid to navigation.

CHAPTER 5: Training of Maintenance Personnel

discusses the desirability and benefits to be gained from adequate
training of personnel involved in the maintenance of aids to
navigation. Examples of subjects that might be covered in training
schemes are given.

CHAPTER 6: The Use of Databases

comments on the developments in modern technology that have resulted
n the provision of computer based records by Lighthouse Authorities.
It gives examples of the type of data that can be processed. There
is a cautionary statement on the dangers of being overambitious in
the development of computerized databases.

CHAPTER 7: Economic Factors and Planping

will be particularly interesting to those authorities which are, for
one reason or another, attempting to economize and to be more cost
effective. The overriding principle of safety of the mariner must
remain but the economic facts of life are becoming more relevant.

CHAPTER 8: Waterways Considerations

covers the planning, design, marking and management of a waterway.
Consideration ie given to the calculations involved in assessing the
size of vessel capable of using a waterway and aiso to other
principles involved in the datermination of requirements.

CHAPTER 9: Evaluation of the Needs for Aids to Navigation

discusses the avaluation of the naed for aids to navigation. It
details the factors involvad in the avaluation, tabulates the
accuracies obtainmable at certain ranges of different types of aids
and provides an easy guide to ths advantages and disadvantages to
both tha user and the provider of aids to navigaticn.

CHAPTER 10: ormation to th rine
highlights thes {mportance of informing tha mariner of the

oparaticnal status of aids to navigation. The World Wide -
Navigational Warning Service is described. -
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CHAPTER 11: Aids to Navigation Systems
provides descriptions of all types of aids to navigation, visual,
fixed and floating, radar and radio. In addition the value of each
type of aid is given together with performance criteria. This
chapter is a collection of facts which will enable the reader to
assess the relevance of an aid.

CHAPTER 12: Nav-Plan Layout
considers the development of an Aids to Navigation Plan which should

actually be the aim of all Lighthouse Authorities. The factors to
be considered are listed.

CHAPTER 13: IALA Recommendations, Guideline and Manuals
schedules the relevant IALA Recommendations, Guidelines and Manuals.
CHAPTER 14: References
is a list of the references used in the compilation cf the NAVGUIDE.

CHAPTER 15: Definitions

consists of definitions of technical expressions used in the
NAVGUIDE.

CHAPTER 16: Abbreviations

is an alphabatical list of the meaning of all abbreviations used in |
the NAVGUIDE.

CHAPTER 17: Annexes
containe annexes of a technical nature which provide more detail
covaring some subjocts discussad in the main text of the book. These
include Hydrographic Requirements of Nautical Charts, the Mathods of
Calculation of Accuracy, Technical Description of Radio Aids to
Navigation, a Data Sheet on lLeading Lines or Ranges and information
on the membars of the Working Group which has produced the NAVGUIDE.
CHAPTER 18: JIpdex
is a detailed index of the chapters of the book and their contents.

The IAGA Guide to ths Availability and Reliability of Aids to

Navigation considers reliability and availability techniques as managemant
tools to assist in the decision making process, arising from the veassesssent
of established policies, and the raticnalization of the approach to the
juavitable and ‘unavoidable failure of existing and new types of ATON. It
gives dguidance and advice on the application of tha techniques. Quality
assurance and maintenance management are also considared in this coatext. The
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Part II Applications Guide specifically considers signalling devices, power
sources and moorings but not the buoy hull.

2.4 Other Countries' National Authorities and Manufacturers

2.4.1 Australia

The Department of Transportation and Communications (DTC) is
responsible for Australia's coastal marine navigation aids. Various state
governments provide the navigation aids within port 1limits and those for
fishing and pleasure craft.

In recent years, the highest number of buoys operated by the DTC has
been about 40. Currently, there are 32 buoy stations. Eighteen are of their
own 8 ft. x 28 ft. shown in Figure 2-88 which is similar to U.S. Coast Guard
8 ft. x 26 ft. except that the tail tube is 2 ft. longer to improve stability
and the tower and tail tube are bolted to the buoy hull to make them easier to
transport.

The remaining buoys are Zeni Lite ZWB-250 types (See Buoy Drawing
No. Japan MFG 3-2 i{n Appendixz C).

There are no specialty manufacturers of buoys in Australia.

Raferencee for Additional Information:
Interview Summary : Appendix A, Section A.3.1

Buoy Records : Appendix B, 1| Entry, Pages B-1 through B-3
Buoy Drawings : Appendixz C, Page C-1
2.4.2 Belgium

The “"Administration de la Marine et de la Navigation Interieure' is
responaible for 8¢ buoys covering 5 harbors with 8 entrancas. All these buoys
have been purchased frxom Balmoral. They are in the process of coaverting
these buoys from propans to solar/battery power.

Refer or Additional lnformation:
Interview Susmary : Appendix A, Section A3.2

2.4.3 Chile

The *Direccion General Territorio Marizimo y Marina Mercante® is
reaponsible for aids to navigation {n Chile. Chile with its long coastline
has several hundrads of fized narks ~and buoys. TALA x1nto 24 lighte on
floating marks.

Tha authority has recently daveloped _the new buoy  design shown in
Figure 2-69. They have had this new design built iag plastic as well as steel.
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CHILE'S NEW DESIGN

FIGURE 2~-89
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They have found that the plastic tends to be damaged during buoy tender
operations.

References for Additional Information:

Interview Summary : Appendix A, Section A.3.3

2.4.4 Equatorial Guinea

The "Direccion General De Puertos y Senales” is responsible for aids
to navigation. They purchase all their equipment and buoys from Gisman (see
Section 2.2.5.1) in France. According to the IALA tables in Section 2.5, they
have few buoys.

References for Additional Information:

Interview Summary : Appendix A, Section A.3.4

2.4.5 Hong Kong

The ’Government Marine Department® is responsible for aids to
navigation in Hong Kong. According to IALA listings they have in the order of
45 lighted buoys and 4 unlighted buoys.

Hong Kong's principal means of facilitating the safe and expeditious
execution of port calls made by coamercial shipping and of voyages undertaken
by the multifarious passenger-carrying ferries operating on scheduled services
to and from Hong Kong and a number of ports on the FPearl River betwaen
Guangshor (Canton) and Macau is its new Vesesel Tratfic Service (VIS).
Secondary allied purposes of the Hong Kong YTS are the maintenance of port
call racords and tha automation of certain related invoicing processes.

Interview Summary : Appendiz A. Section A.3.5
2.4.6 lnpdia
2.3.6.1 Department of Lighthouses and Lightships
The "Department of Lighthouses and Lightships (DLL}' is entrusted

with maintaining aids to onsvigation aloig India’'s large coastline of about -

7200 ka., including the Islands of Andaman and Nicolas in the Bay of Bangal
and Lav»hadwsep Isiands in the Arabian Sea. There are ten district
authorities responsible for various regions. Their navigational aids consist
of lighthouses, light vessels, radio bsacons and Decca navigator chains all
disparsed over tic entire coastline. Thase include 300 ATON buoys.

India's nagivation buoys are of stsel and GRP; some of which are

descrided in Section 2.4.6.2 balow, with the largest buoy having a diameter of
3.66 netexs. Fower scusrces includs gas, batteries and solar pansls. -
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Thers were four papers spresented at the IALA '90 Conference by
authors from India and thege are summarized below:

1. Ropiacement of Lighthouse Tender M.V. SAGARRDEEP, by K. Sriram, Paper
Ne. 3.5.1: A description of tie DLL's 100.9 meters in length
lighthouse tender built in 1964 and the development of
specifications and drawings for its replacement by a vessel of 82.6
meters in length.

2. Training of Lighthouse Personnel and Facilities Available in India
and Maintenance Objectives of Aids to Navigation, by K.V. Mohan Rao,
Paper No. 2.1.3: The first part of the paper deals. with the
necessity of the comprehensive training of lightkeepers and other
operational and maintenance personnel; indicating the present
training facilities available in the country as well as the future
program of ravamping the Training Center at Czlcutta. The second
pert of the paper, which addresses floating aids to navigation as
well, describes preventive and corrective maintenance, their
objectives, functiong and corrective measures to be adopted to make
the aid reliable and to have a high availability factor.

3. Replacesent of Existing Bombay and Calcutta DECCA Navigator Chains
by Loran ¢ Chains, by K. Sriram, Paper No. 4.3.2: Describes the
replacement noted in the title.

4. Application of Polymer Impregnated Ferrocement and Fiber Reinforced
Concrete Construction Techniques on Lighthouses and Construction of
2 New Reinforced Concrete Lighthouse at faradip, by E.U. Rao, Paper
No. 6.1.2: Part I of the paper describes the properties and

potential of these new materials for the construction of lighthouse

towers while Part II outlines the salient features of design and
construction of a reinforced concrete lighthouse tower at the
Paradip Port.

References for Additional Information:
Interview Summary ¢ Apbendix A, Section A.3.6.1

2.4.6.2 ANA Navaids, Ltd.

ANA Navaids Ltd. (AN.) vorovides a range of aids to navigation
squipment including electric equipment, gas equipment, lantern houses, towers,
radar reflectors, navigation kLuoys, mooring buoys, light £loats, light
vessels, buoy tenders and mooring gear.

ANA manufactures small GRP buoys for harbors, rivers and estuaries;
medium size GRP buoys for moderate sea conditions; GRP Catamaran buoys for
harbors, rivers and estuaries; skirt and tail tube stesl buoys for
environments from moderate sea to deep sea. All their buoys can be gas or
solar/battery powared.
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Figure 2-90 shows a small size GRP buoy with two pockets. The body -
is filled with polyurethane foam which makes it rigid and virtually unsinkable
in case of accident. The color is impregnated and can or cone type daymarks
can be fitted. Its bottom design has been configured for shallow water and
Lkigh current application. Figure 2-31 shows a madium large size GRP buoy with
one central pocket and mild steel angle superstructure. The body is filled
with polyurethane foam. The buoy has a diameter of 2.5 meters and weighs 2400
kilograms. Figure 2-92 sliws a small size GRP bucy with one pocket. The
catamaran has two hulls which are joined at the front to make a single hull so
that no floating debris gets entangled in the small gap between the hulls.
This catamaran buoy has proven to be very suitable for river applications
where current speed may reach 8 knots. Figure 2-93 depicts a medium size mild
stee: tail tube buoy.

ANA has found that GRP buoys require threze times the counterweight
to match the motion response of steel buoys.

References for Additional Information:
Interview Summary : Appendix A, Section A.3.6.2

Buoy Records + Appendixz B, 4 Entries, Pages B-779 through
B-790 ‘
duoy Drawings : Appendix C, Pages C-152 through C-155

2.4.7 Ireland
The "Commissioner of Irish Lights® 1is responsible for aids to

navigation in the waters of both Nortnern Ireland and the Republic nf Ireland.
From IALA listings they appear to have 105 lights on floating buoys.

In the recent past they have been standardizing their buoys which

are of thair own design. They had too many types. It is believed their buoys
are of steel and similar to those of the Trinity House of England.

References for Additjonal Information:
Interview Summary : Appendix A, Section A.3.7

2.4.8 Malawi »
Malawi is inland from Mozambique in eastern Africa and does not have
a seacoast. Their buoyage which is the responsibility of the ‘*Ministry of

Transport®, is used on a major lake. In total they have 11 fixed marks and 7
buoys, all from Pharos.

References for Additional Information:
Interview Summary : Appendix A, Section A.3.8
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2.4.9 New Zealand

The Marine Division of the Ministry of Transport is responsible for
aids to navigation in New Zealand, except within harbors where the
responsibility is that of local authorities.

As a result of there being deep :iater all around the island, there
are only seven offshore buoys which they have purchased from manufaciurers.

Vegas Industries of New Zealand is an industrial member of IALA but
it was not possible to make contact with them at the IALA' 90 Conference.

References for Additional Information:
Interview Summary : Appendix A, Section A.3.9

2.4.10 Nigeria

The Nigerian Port Authority is responsible for aids to navigation in
Nigeria. As a third world country they believe their ATON system is more
advanced, particularly in Africa. They have a total of 300 buoys purchased
from manufacturers outside their country including Tidelands, Automatic Jower,
and Balmoral.

Maintenance is currently their most significant consideration and it
is expensive for them. Every two years buoys are hauled and moorings checked.
The warm water in their area is particularly hard on equipment due to
corrosion and marine growth., They service these buoys with two buoys tenders,
one for offshore work and one for rivers.

They have found that GRP is hard to repair and, as a result, has not
worked out favorably for them. They have ordered a Balmoral foam buoy with
elastomer to try this concept.

They have found that the claims of manufacturers are always
impressive, but not always borme out in practice. Manufacturers, whom they
are dependent upon, should place more emphasis on the reliability and
maintainability of thair buoys and equipment.

References for Additional Information:
Interview SunnAtf + Appendiz A, Section A.3.10

2.4.11 Pepples Republic of China

The Shanghai Navigation Aid Factory (SNAF) was an industrial
exhibitor at tha IALA '90 Confersnce. They have a history of more than 100
years in design, manufacture and maintenance of aids to navigation and have
been engaged in davelcping and manufacturing buoy- for forty yeass.

208

3

Ry

FO——

Lt i
epdt s p oot e

¥

bl @
v K

PRI Y

,‘
Aty et EE

T b lod Nl Dl B i st p g S eyl D et A b A s

JV'.-@::-»»,-?,Q,.;_‘;«,-.V ~/ RS o . C e b e




B L T

c——_—

Reportedly SNAF buoys can be found in every harbor and channel of
the Peoples Republic of China. In recent years they have produced buoys for
America, England, Mexico and Mauritania.

Their navigation buoys, shown in Figure 2-94, consist of steel tail
tube buoys from 1.15 to 3.83 meters in diameter, steel skirt buoys of from 1.5
to 2.4 meters in diameter, and smaller inland buoys of steel with tail tube
and skirts.

References for Additional Information:

Interview Summary : Appendix A, Section A.3.11

Buoy Records ¢ Appendix B, 2 Entries, Pages B-125 through
B-130
Buoy Drawings : Appendix C, Pages C-37 and C-38

2.4.12 Saudi Arabi

Fifteen years ago very few marine aids to navigation existed in
Saudi Arabia remote from the ocil exportation terminals and their approaches.
Since then a rapid expansion in port facilities has seen an equally rapid
improvement of aids to navigation, which are the responsibility of the Saudi
Port Authority (SPA).

More than 400 light buoys have been installed in approaches to the
Saudi ports. Surveillance radar equipment has been installed at the ports of
Yanbu, Jeddah, Ras Tanara and Jubail. Longer range navigation have been aided
by the deployment of a Loran-C Radio Navigation System which covers all the
coastal waters.

It is likely that the SPA floating aids are standard buoys of
manufacturers like Pintach Bamag (see Section 2.2.6.1)., These are maintained
by five buoy tenders ranging in size £from a small buoy maintenance catamaran
to two sea-going maintenance vessels.

During the IALA '90 Conference the SPA presented Paper No. 3.6.2
*Solar Energy in the Red Sea” by A.A. Jehaiman where it was noted that Gulf
buoys have solar panels on top of the cage like Japanese buoys and they orient
the panels @&t a 10° incline to ths horizontal. Dust collection and bird
droppings have a gevere impact on the solar panal operation and as a result
the solar panela are not parforming at anywhere near the level suggested by
the manufacturers/suppliers. In respoase the SPA has had to increase
maintenance activities to provide more freguent cleaning and replacing of
pancls and changing of batteries. Solarization has actually been more
expensive for tham than utilizing gas and they feel the industrial mexbars of
IALA should address this. The SPA has no intentions of instaliing additional
solar pansls until they balieve the situation will improve.

References for Additional Information:
Interview Swmsary : Appendixz A, Section A.3.12
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2.4.13 Scotland

The "Northern Lighthouse Board" of Scotland is responsible for all
navigation buoys in the watexways of Scotland and the Isle of Mann except for
those of the Clyde Port Authority. This includes more than 300 buoys. They
are of a design similar to those of the Trinity House of England (see Section
2.1.3.1).

Approximately 100 of their buoys are lighted by acetylene gas,
although they are converting to solar/battery power.

References for Additional Information:

Interview Summary : Appendix A, Section A.3.13

2.4.14 South Africa

The South African Harbors Authority maintains 300 buoys at 5 major
and 3 minor harbor entrances.

These buoys are of several designs and have been purchased from
established manufacturers. They have a Resinex (see Section 2.2.7.1) buoyant
beacon and this same company indicated they expect t¢ have available a
telescoping buoyant beacon to adjust to changes in tide. They also utilize a
double hull buoy made £rom hemispherical heads manufactured in a boiler
factory.

References for Additional Information:
Interview Summary Appandix A, Section A.3.14

Buoy Record ; Appendix B, 1 Entry, B-1125
Buoy Drawing : Appendix C, Page C-228

2.4.15 Sweden
The National Swedish Administration of Shipping and Navigation is
responsible for navigation buoyse in Swedon which reportedly has up to 10,000
buoys including private aids.

They utilize steel offshore buoys and plastic in-shore buoys. Thair
buoy tendars operate in ice up to 20 cm in thickness.

‘References for Additional Information:
Intexrview shnnary Appendix A, Sectioa A.3.15
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2.5 Review of Findings and Trends
2.5.1 General

The results of thes surveys and findings have been included in
various parts of this report. Sections 2.1 through 2.4 review the results of
interviews and data gathering efforts from the navigation authorities and
manufacturers throughout the world. Section 3.0 presents the Buoy Technical
Information System (BTIS) and its database, which includes technical data and
graphic representations of all the buoys identified. The present section
identifies innovations identified.

Task C will concern the formulation of recommendations for the
development of improved aids to navigation buoys for the USCG. For this
reason this section has been divided into general topic areas that are
believed to have significance as key areas for future consideration. In
Section 2.5.2 those specific areas and problems identified by the USCG in its
*Statement of Work" for this project are addressed. Section 2.5.3 considers
topics that are deemad to be fruitful areas for future research and
development promising to offer improvement for the USCG navigation buoyage.

The areas identified by the USCG and expanded on the basis of survey
findings ara river and fast water buoys, lurge lightweight buoys, articulated
beacons, ice buoy design, exposed location buoys, unlighted sound buoy design,
correlation of tender size to buoy characteristice and measure of buoy
effectiveness. Other topics that are deemed to be fruitful areas for future
research include general buoy hull design, construction methods and materixls,
payload and signal equipment impacts, buoy maintenance in support systems and
buoy design methods and procedures.

2.5.2 Specific Problem Areas Identified

2.5.2.1 River and Fast Water Buoys

The USCG hae not yet been able to develop a survivable, low cost,
lightweight buoy for use in fast water environments. A lightweight plastic,
fast water buoy with a spherical, foam filled hull has been developed which
rides very well and meats its weight requirements, but its susceptibility to
damage and high initial cost hag relegated {t to only limited use. Collision
and debris accumulation appear to ba the most troublesome areas in this type
of sarvice, and so far no Coast Guard effort has besn able to overcome tham.
Foam buoys appear to be attractive for this type of services, but the problems

of cost and debris accumulation still exist. As sanufacturing processes and

nmaterials bave {mproved, the cost for thess buoys has steadily declined, but
there is currently no solution for tha debris problam. As it stands aow the
USCG usen small steel, foam-filled buoys on a th:nu-auay baliu for wost of its
river applications.

Soms of the ‘1nd1ngs during tha surveys thnt may {mpact this
situation iucluda

0 The Canadians (Orraids, Ltd.) hava a design (dnvoloped by Janko

- & Asgociatas, England), for a fast water buny capabla of

2

p— L

U g st h i ar e it S e et




withstanding 10 knots of current. It is currently being tested
on the Niagara River.

o Zeni Lite Buoy Co. of Japan has a design for several sizes of a
large fast water discus buoy.

o Pharos Marine, Ltd. of England has Catamaran hulls for fast
water buoys. ANA Navaids of India has GRP catamaran buoys for
high currents (to 8 knots) and debris shedding.

0 Korea has developed a finned tail tube buoy that will maintain a
maximum 10 degree 1ist in 5 knot current, (see IALA '90
Conference Paper 3.2.3).

o The Gilman Corporation of USA has developed a Surlyn foam fast
water buoy for Canada.

2.5.2.2 Large Lightweight Buoys

Numerous USCG attempts have been made to apply the use of plastic
materials to large buoy applications with only partial success. Large,
plastic-hulled, foam-filled bhuoys were found to be unacceptable as 1lighted
aids, and only marginally acceptable as unlighted aids. This was due to a
lack of strength in the plastic design and the very high cost of these buoys.
Foam buoys have bean produced in large sizes and have even been successfully
fitted with solar panels and lighting sets on a test basis. Historically, the
major drawback has been the high initial cost of the buoys, which has forced
them to be used only in samall sizes and in areas where high sateel buoys'
maintenance costs would offset tha initial cost of the foam buoy. As in the
casa of river buoys, declining manufacturing costs are making foam a more
attractive option.

Some of the findings during tha survays that mpay impact this
situation include:

0 - The Japanese hava substituted GRP for stesal superstructurs on a
larga unlighted buoy. .

0 The French have lightweight GRP buoys tuned to the local sea
conditions that have replaced much larger steel buoys.

o Denmark is developing an "Integrated Hodular Buoy' design for
which fiber reinforced plastics as well as steel are being
considered as buoy hull uatarialu.

o - Balworal of England has wutilized foan/elaltoaer huoys for
various applications incluoding elastomer belt for shock
ahsorption.

o . Itis suggaltad by the English plastic buoy uannfacturers that
‘tha motion characteristics of a such heavier buoy can be

. achieved using - underwater weights on lightweight plantlc buoya.

possibly by sinply increasing tha chain size.
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o The Gilman Corporation has fitted lights to large foam buoys and
has built large oceanographic buoys with lights.

o Tidelands has developed several medium and large GRP/foam filled
GRP buoys.

2.5.2.3 Articulated Beacons

Although significant strides have been made in the development of
articulated structures, those that have been developed so far have limitations
and deficiencies which preclude their use in many cases. The most troublesome
problems are in the areas of hardware strength. Originally these types of
structures were thought to be able to withstand collisions better than buoys.
In practice, however, the beacons have proven to be much less damage-resistant
than expected. Much of this problem has been traced to inadequate strength in
connecting flanges and the hinge. Redesign has strengthened these components,
but the Jower hinge is still subject to excessive wear. Furthermore, current
USCG designs provide an inadequate signal in high currents because of
excessive tilt. Lastly, these structures can only be used on up to 60 foot
water depths and 5 foot tides. The working depth will have to be increased it
there is any hope with articulated structures. The USCG's latest effort is to
design another generation of these beacons which are axtremely effective in
protected harbors, semi-axposed locations and open seas.

Some of the findings during the surveys that may impact this
situation include:

0 "Resinex Offshore" of Italy claims that their elastic beacons
are deployed in water depths up to and more than 100 maters.

0 The Japaness have several variations in the design of
articulated beacons. Also Tideland, Inc. in USA, and Floatex,
S.r.l. in Italy have elastic beacons which they state are in use
throughout the world. -

o Joint designs hava vaxied. Tension-leq type joints are touted
as those that may best abgorb shocks and vibrations.

0 Float dasigns include foam and steel chalbexn both with and
without foam filling.

2.5.2.4 Unlighted Sound Buove

The two major flaws of the current wave-activated sound buoys are
that they are relatively heavy and that thsir gound signals have a range of
only. about 1/4 mile. _ 4

- A new unlighted sound buvy s nesded with an iﬁcxeﬁséd range. A

reduction in weight of ths buoy structure i{tself should aid this cause as a
more potent and hsavier scunding device can be fitted to the buoy.
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Other IALA countries are not particularly interested in this type of
buoy, especially since IALA has recommended the elimination of sound signals.
However, the utilization of lighter structural materials as incorporated in
other buoys identified may help the overall design. Additionally,
consideration may be given to the use of improved wave generated power systems
for better sound signals on unlighted buoys.

2.5.2.5 Mepasure of Buoy Effectiveness

A USCG does not have a set measure of effectiveness for its buoys.
A series of studies were performed in the early 80's using a simulator to
measure the effectiveness of buoy systems and positional configurations, but
not for buoy platforms themselves. Some studies have been made on rolling
buoy light recognition, but still no measure of merit has been developed. One
approach that has been proposed is to measure a buoy's effectiveness in terms
of how many days the aid is functioning properly out of a year. This is, in
effect, a measure of how well the aid performs as a guide to mariners. It
therefore appears that the USCG still needs to develop a measur? of
effectiveness which takes into account both aid availability and performance,
s0 that new buoy designs may be compared to existing ones.

Some of the findings during <he surveys that mey impact this
situation include:

o IALA has published a "Guide - to the Availability and Reliability
of Aid to Navigation® in 1989, Reference 43.

o Also, the IALA NavGuide published in February 1999, addresses

all aspects of buoy per!otmance. Rafarenca 41,

0 The USCG has presanted an IALA paper on buay light detectxon.
Reference 4.

o The Dutch have carried out extensive studies' of aids to
navigation <n the North Sea to reduce <(hs wumber of buoys
through greater affactiveness.

2.5.2.6 Corxelation of Tender Size to Buov Charactexistics

A prevalent factor in support of lighter weight buoys is the effect
on the servicing vessel siza which, it is presumed, will decrease. Although
it is true that lighter waight buoys would regquire less lifting capacity,
whather this would tramslate into a smaller vessel {e another question. For
example, tranaporting of tha lightweight or hesvier buoys may require the sane
deck area but lighter weight buoys mighi -have livelier motiune thereby
necessitating a sore stable vessel to service them.  Also, seagoing tenders
may have to retain their dxinnsions, bacavce of the need to operate in an
exposed seaway or to carry out other functions and sissicas in addition to

buoy tending. Before any conclusicns can be diawn, the effects of buoy .

characteristics on buoy tendsr deaign nave to be evaluated.

218




Somp of the findings during the surveys that may impact this
situation include:

(o]

The French are proposing lighter buoys matched to smaller buoy
tenders.

Germany has developed a large lighted buoy which consists of 4
parts that can be assembled and disassembled while afloat so
that the existing fleet of small buoy tenders can handle them,
see IALA Paper No. 3.2.2, Reference 19.

2.5.3 Technologies for Futurg Improvement

As a result of the surveys, the technical areas discussed below have
been deemed to offer potential for fruitful research in the future resulting
in improved buoy systems foxr the USCG.

2.5.3.1 General Bﬁoy Hull Design

Some large steel Japanese buoys are compartmented for damage
stability.

The Japanese have proposed reducing the strength/stiffness
requirements of the suparstructure to reduce the weight of the
bucy and thereby simplify buoy tending procedures.

The Japanese are proposing buoy stabilization procedures to
counteract wave motion.

The French are designing buoys to match the motion
characteristics of local wave systems. They propose that unless
& buoy is marking a danger area, it is not important to have
continuity of its light signal, implying that motion of the bhuoy
is acceptable.

The Germans have a standard unlighted inland waterways buoy of
simple and cost effactive design with up to 10 years service
life,

The Canadians suggest solid superstructures instead of
latticeworis.

The Danish are developing an Integrated Modular Buoy, sec IALA
Paper 3.6.7, Rafarence 8.

Pharos Maring, Ltd. (and others) have a series of buoy bodies
that have interchangeable tail tubes or skirts and signal
platforms, i.e. high focal plane or short pillar. The Fnglish
and other suthorities have a standardized set of buoys with
interchangeable parts.
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2.5.3.2 Construction Methods and Materialsy

In general, the use of new or improved construction materials
such as composites, new grades of aluminum, and other corrosion
resistant and durable materials have been investigated. Canada
has carried out a study on the "Use of Composite Materials for
Buoy Construction”.

Foam buoys have been considered for a greater number of lighted
buoy applications.

Surlyn foam buoys are currently being used in unlighted and some
lighted buoy applicatioms.

The use of sectional Surlyn type foam as the main buoy hull
with a cage of either Surlyn or a more conventional metallic
material could be considered. Woods Hole COceanographic
Institution uses data buoys of this type of construction. If
*building block" sections could be utilized to make more than
one class of buoy then a situation would exist where buoys as
needed could be made from stock/inventory material. This should
result in a significant economy in manufacturing and inventory
costs.

Surlyn foam technology is continually advancing and already
provides the ability to construct a wide variety of buoys. The
basic building block is a cylindrical roll of Surlyn which can
be made in varying diameters and can later be shaped to any
configuration. The central core is usually steel and this may
be the weakest link since it will corrode.

Buoys with foam inside and a tire-like rubber outside to absorb
impact may be more resistant to damage from ships and debris.
Balmoral of England has several plastic buoys with elastomer
fanders.

The use of Poly-vinyl-chloride (PVC) and £fiber or glass
reinforced plastic (FRP/GRP) matarials in buoy construction is
continuing.

New paint systems may provide coatings for buoys and buoy
elements such as solar panels, solving the problems of bird
droppings and buildup of marine growth.

Cages could be constructed out of aluminum alloys to veduce
weight.

Counterweights could be fabricated in pieces rather taan casting
as a single pieca.

The Japanese have used GRP for superstructures (of iarger cross

sectional area) for buoys to increase daymark area and reduce
weight. (France also). '
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Zeni Lite Buoy Co. of Japan is using aluminum to fabricate the
superstructures on some of their buoys to reduce the weight.

The Japanese have developed a quick acting buoy hatch cover.

The Danish have experimented with non-polluting anti-fouling
systems, including sound emitting transducers.

Canada is testing paint systems to extend the maintenance
period.

ANA Navaids, India has GRP high focal plane buoys. These and

Tideland's buoys are the only application of GRP, found by this
study, to match steel equivalents.

2.5.3.3 Payload, Signal and Power Equipment Impacts

Solar Panels and topmarks {(for lighted solar powered buoys) have
been made integral with the buoy hull in some applications.

Means of improving the solar panel design, fabrication and
installation to provide Dbetter protection against the
environment have been investigated.

In order to increase radar reflector discernibility, some
comercialiy available reflectors have been utilized.

Placing of homing devices on buoys in high loss areas have been
considered to <facilitate search and recovery operations.
Similarly, the installation of radar transponders or Loran
receivers on buoys in critical areas to accurately monitor their
position has been studied.

The use of electronic bells and gongs (to eliminate possible
damage due to shock and vibration) in lieu of current mechanical
equipasnt has been studied.

The use of an external battery box installed in the cage to
withetand the environment has been tested to rxesult i{n the
eventual elimination of battery pockets. The French have placed
the battery box at the top of tha cage on steal buoys. Also
British (Balmoral solar), USA (Tideland solar), Japan (Zeni
solar) have used this approach.

The Japanesa have widespread experience with wave activated
generators as the primary buoy power source. In soma areas they
are using solar power as a back-up or secondary source. Also,
Denxark has an inertial wave gonerator design in their
Integrated Modular Buoy.

In ports with Dright background lights, the Japanese have found

the synchronization of flashing lights to be beneficial in buoy
identification.
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The Norwegians are developing a primary battery with sea water
as electrolyte. A U.S. company (Alupower) has also developed
such a battery.

The Japanese have developed interchangeable daymarks. Also
Danish use modular daymarks on their Integrated Buoy design.

The Japanese (NKK & GTK) are developing an LED 1light that could
mitigate the problem of buoy motion by displaying a broader
beam.

The Germans have carried out extensive colorimetric, photometric
and accelerated weather testing of buoy paint materials.

The Danish have developed an integrated radar reflector. (Also
England, Finland, Germany, Japan). It is also suggested by
several commercial manufacturers that purchasing radar
reflectors may be cheaper than building them into the
superstructure, and these (e.g. SR-6 type) will offer more
omnidirectional reflection compared to the standard USCG bi-
plane type.

The British (Gloucester Harbor Authority) suggest designing an
indicator to show if the battery is low. The indicator may be
seen with binoculars.

The British are working on a current drivenm generator.

Germany has studied the "Recognizability of Symbols and
Lettering on Aids to Navigation'.

Automatic Power, Inc. and Micro-Design, Inc. of USA have
developed "Microprocessor Designs for Low and High Intensity
Lights".

IALA has indicated cardinal marks can be used to reduce the
number of buoys in a system. Howevaer, it should be noted that
the US pleasure hoating lobby is against this idea - they want
channel boundaries to continue to be marked.

It was suggested by the Dutch that wider angle lights could be
more easily sean. This would make the effect of buoy motion
legs critical.

Stromag/P. Bamag of Holland states that utilization of topmarks
rather than buoy body structure for shape significance allows
for providing easier access to the signalling devices atop the
buoy. : -

219

© b £ e e R o e RN R mwtcn "

i

d

2 s AR S

F A

N e bl b IR A A o R




P

2.5.3.4 Buoy Maintenance and Support Systems

Increased floatation and damage stability: Some buoy tenders
spend a large amount of time on damage repairs. Improved damage
stability was found to reduce such activities.

Prevention of bird droppings: The use of such preventers have
eliminated the discoloration of buoy paints and provided better
protection for solar panels, if fitted.

Increase protection of steel buoys from corrosion: Through the
use of new improved paints and other coatings, better materials,
and/or heavier scantlings, effects of corrosion damage have been
reduced.

Better anti-fouling protection: This has helped reduce buoy
sinkage through marine growth buildup. Possibly, new ablative
paints and coatings could help shed marine growth. Current
paints may be more effective on vessels that move through the
water, which will aid shedding of marine growth.

Japanese are developing a GPS system for monitoring buoy
position, with a fail-safe signal generator. The Duntch suggest
a central alarm panel to keep monitoring the status of all
systems on the buoy.

The Japanese have a collision marking and signalling device to
assist in the identification of ships striking and damaging a
buoy.

The Norwegians are systematically replacing most of their
floating SRAs with fixed lights. The fized lights offer easier
maintenance, especially in heavy ice areas. Along with this,
they have made extensive use of sector lights.

The Japanese have found the use of cast iron sinkers to be
advantageous in strong curreats.

A Japanese manufacturer has increased the reliability of light
systems (10 years vs, 3 years)} to extend the relief/maintenance
cycles. In geaneral, the Japanese propose utilizing more
reliable electronic flashing systems requiring less maintenance
and repairs.

The Dutch have attained a reduction in tha nunbet of offshore
buoys through the uss of RACON:.

The Britiah havae developed a buoy that can be deployed by
halicopter in an amesrgency.

The British use free hanging pieces of chain inside the tail
tubes of thair high focal plans buoys to prevant fouling. -
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The British propose using open iink chain moorings to reduce
weight and cost.

2.5.3.5 Buoy Design Methods and Procedures

It was observed that some buoys have been designed at the outset
for solar power systems incorporating features for solar panel
protection (from bird droppings and from theft), improved
battery arrangement for protection, ease of maintenance, and
optimum relational location and arrangement of signalling
devices, battery, and solar panel. These could be value
engineered against existing buoys which have been modified to
accept these components.

In some applications, buoy motions were analyzed to determine
the effacts of shape, mass, and mooring forces. It has been
reported that Surlyn buoys have motions in waves which may allow
them to be more visible than steel buoys when both are fitted
with a light. They can also be designed and easily built to
behave in different ways, such as riding on the water in fast
current areas and absorbing impact from debris.

In developing new designs, life cycle cost analyses have been
carried out in some cases to identify the most cost effective
options.

The buoy design process should follow a systems approach
covering all elements of the system including the buoy hull,
signals, power sources, and mooring.

Canada has compiled a standard procedure for the review and
design of marine aids to navigation.

Consideration should be given to designing entirely new buoy
systems for certain applications. An example which has been
considerad but never applied by the Canadian Coast Guard was
deploying lightweight buoys by simply dropping them from the
deck of a catamaran buoy tender through cartridge type storage
racks on the tender's deck.

A Korean paper, Reference #45, presented to the 1990 IALA
Confarence suggest setting aids to navigation in accordance with
probability-of-danger analysis.

The following countries have prasented papers to the 1990 IALA
Conference on their capariences and design recosmmendations for
VIS and channel layout: Germany, England, Scotland, lreland,
Finland, France and Norway. ’ ’ o

Performance of buoys could be optimized through the una of nodsl
tests, as proposed by NARIN of the Netherlands. _
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o The 1990 IALA NAVGUIDE contains the following chapters which may g
be helpful in buoy design: :

Chapter 2, Navigational Requirements for Accuracy. b
Chapter 3, Availability/Reliability of ATONs. i
Chapter 4, Standardization of ATONs.

Chapter 7, Economic Factors and Planning.

Chapter 9, Evaluation of Needs for ATONS.

Chapter 11, ATON Systems.

Chapter 13, IALA Recommendation, Guidelines and Manuals.

2.5.3.6 Ice Buoy Design

o The Finnish have made extensive use of spar buoys with taut f
moorings in ice environments. These buoys have the added
benefit of providing a negligible watch circle since they are .
essentially a variation of the articulated beacon. g

o The Finnish have a new (1989) design for steel ice buoy with 5 .
compartments having 2 compartment: damage stability. O

0 The Finnish have successfully used foam filled rigid plastic
spar buoys in ice environmsnts with 10 year service life.
Canada is now using some of the same KWH manufactured plastic
spar buoys. .

o The Dutch have developed a method of tank testing ice buoys i
using paraffin to model tii2 ica. They have also designed and o
built an ice buoy after utilizing this technique.

< ANy
wemwserct
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3.0 BUOY TECHNOLOGY INFORMATION SYSTEM (BTIS)

3.1 General

The technical data collected during the worldwide surveys were
compiled in the form of a computerized database designated as the Buoy
Technology Information System (BTIS). This database is intended to be used by
the USCG engineering personnel as an information and design reference tool in
support of aid to navigation buoy research and development efforts. The
database contains technical information on 381 individual buoy platform
designs in use worldwide by both government authorities and private
manufacturers. The data cover a wide variety of buoy design aspects including
physical characteristics, related equipment, operational characteristics, cost
information and maintenance notes. A listing of the data fields contained in
the database is presented in Table 3-1. The BTIS system is designed to run
with standard USCG equipment and software. The software package also includes
extensive documentation relating to system use and operation.

3.2 Database Design

At the beginning of the design process for the BTIS system, a set of
required overall system characteristics developed by the U.S. Coast Guard was
received. These characteristics included the following:

o The system is to be run on standard USCG work stations and
software.

o The system is to be developed using the PROGRESS database
software language.

0 The program should utilize a menu-driven user interface.

0 The program should utilize the Structured Query Language (SQL)
protocol in defining the :database files in order to enhance
portability.

In addition, a set of formalized user requirements was developed as
a result of consultation with the intended usexr groups. These requirements
defined the formats for the database buoy racordn. quary criteria, and output
and security/access levels.

In light of these established requiremants and a review of
programming software capabilities, a database system was developed, coded and
tested. The proposed database design approach was reviewed and approved by
the USCG. Reference #4 contains the details of this approach. As coapleted,
the BTIS database design incorporates the following features:

o A user-friendly program structuge consisting of a manu "tree'
through which all program functions may be accessed.

223




Name of Bucy 3 §
Country of Use i
Function

Data of Last Record Update
EHYSICAL CHARACTERISTICS
Buoy Weight

Buoy Draft —
Overall Buoy Length Gl
Focal Height of Light )
Buoy Beam or Diametar k
Freaboard; No Mooring by

Minisua .
founds Per Inch Ismersion Lo
Metaceatric Height G
Reserve BRuoyancy sy
Wave Motion Response ]
Construction Matarial: {lull Shell i

Hull Filling d

Towes

Topmark

Countervaight :
Coating/Coloring Systea ' L
Subdivision -
Hull Type G
Caunterweight Type

BELATER_EQUIPMENT
Power Sources: Number

TYpe
Lighting Bquipsent
Scund Equiphect
Other Payload
Daysark Area
Bridle Sise: Chaia Sise

Leangth
Nooring Line: Sixe

’ Type
:tnn: $ice
opassh Type
Numbar of Ped Eyes
QPERALIONAL, CRARICTERLAZICH

Opeszating Envirooseat

Nomiaal Viswal Range of Daysacsh

Radar Range

mtrs Cucraat Nicims :

Nooring Deyth Nazisiam “

fiaflective Natarisl Type .

ADDIZZQNAL DATA 4

- Cont? Raplacemant § i

Freparation i

Nonthly Sexvicing ae i
Sexvica Life . i !

Najntenance Inteuval
Kaintesasnce Notes
Special Tertures
Stabiiicy Notoe

&
i

s

General Notse ﬁ

urte of Dseigm
Drawing Refarence

[ RN
o

TABLE 3-1 S T
DATA FEELDS IN BTIS |

—siams

T Y

P




0 Program routines written exclusively in the PROGRESS programming
language.

o Database files created and maintained using the SQL protocol.

o Buoy records contaiaing 56 fields of technical information each,
arranged within a single buoy record file.

o Database «queries which may be <carried out based on
user-specified criteria for seven principal fields or as ad hoc
queries.

0 An iterative query sequence whereby a large number of records
can be narrowed quickly, using successive queries.

o Query criteria which can be saved to a disk and recalled for
later use.

0 Query output which can take the form of complete buoy records or
tabies composed of user-specified fields.

¢ Output functions which allow results to be sent to the terminal
screen, printer or hard disk file.

o An on-screen editing facility which allows new records to be
added or existing records to be modified.

o Database archiving and restoring functions.

o Three levels of user access privileges to insure database
security and {ntegrity.

o Error warning &nd recovery.
Thege features resulted in a database esystem that meets all USCG

requirements and is extremaly easy to use, even for those with very limited
computer experience. _

3.3 BYIS Software

The software package developed for the BTIS system consists of the
database files and a library of PROGRESS program routines which carry out all
of the database access and administration functions. This software package

runs from within the PROGRESS dstabasa environmsat (Version 5.0 or higher)

which muat be inetalled on the standard work station. The software is
designed to ba run on a Unisys B28 or B33 work station equippad with a hard
disk, 4 Hb of RAM, a Canon Laser Beam Printer and the BICS II operating
system, ' . , : , '
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3.4 BTiS Documentation

Documentation for the BTIS system was developed according to tkhe
U.S. Coast Guard's Automated Data Systems (ADS) standards. The documentation
takes the form of ¢three menuvals: the Users Manual (UM), the Computer
Operations Manual (OM) and the Program Maintenance Manual (PM).

The Users Manual, Reference #1, is intended for the day-to-day users
of the BTIS system who may have very little computer experience. The manual
provides an overview of the BTIS system and detailed instructions for using
the program functions. An introductory tutorial session is also provided as
an appendix.

The Computer Operations Manual, Reference #2 is intended for system
operations personnel (system operators, schedulers, etc.) who are familiar
with the computer system but not necessarily knowledgeable about PROGRESS.
The information contained in this manual pertains to the operaticn of BTIS
within a computer system. This information includes a listing of the JCL
commands used with the program and system confiquration guidelines.

The Program Maintenance Manual, Reference #3 is intended for the
System Manager and program personnel who are familiar with both the computer
system and PROGRESS scftware. The manual provides detailed descriptions of
the BTIS system, database files and individwal program routines. General
flow-charts of program logic are provided along with a full source code
listing for each routine. This manual also provides instruction for the BTIS
System Manager in the use of system administration and backup functions.

3.5 Population of the Database

All information and data obtained from worldwide national navigation
authorities and designers/manufacturers of ATON buoys were first compiled by
country names. The compilations included data contained in the f£illed out
survay questionnaires (if any), the forwardiig letters and subsequent written
correspondance, notes recorded during individual surveys/interviews, and the
documents supplied by the interviewsas during the projeet investigators'
~visits and while in attendance at IALA 90 Conference in Veldhoven, the
Netherlands.

Esphasis was piaced primarily in including in tha BTIS Database
those ATON buoys {dentified by the reapactive national navigation authorities
to be their standard line of floating aids. Addi{tiocnaliy, other floating aids
-in davelopaent or teating stages waera also included.

The blank format used in recording the data for each individual
byoy was showm {n Table 2-3 of Section 2.0. _

A sample hand-filled BTIS-Buoy'Record is shown in Table 3-2. As
sean, it contains all the data fields ligted in Table 3-1. The approach used
in filling out each data field and the organization of the information
‘asgociated with buoys into charanteristic groups cosson to all are described
in detail in Reference #4, the Interim Report for Task B-2 of this project.
Reference #4 also presants tha Database Design {approved by tha USCG), the
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HAND-FILLED
BTIS BUOY RECORD
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BTIS Bucy Record Sheet 2 »¢ 3
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definitions used, the file structure, the user interface/menu structure, the
query process, etc. Table 3-3, reproduced from the cited reference, gives the
detailed descriptions for all data fields in the Database.

In filling out the entries for individual data fields, the specific
approach used was to enter the exact data supplied by the source agency or
manufacturers (if such is indeed supplied) or to enter the data established by
a thorough screening of 2ll compilations for the buoy in question as described
above.

For all data fields except two, entries were made only if the data
for an entry were supplied by the source or if it was possible to extract the
data from the documents, notes, or correspondence with the source. If no data
were made available or if it could not be extracted from available documents,
the data field was left blank. The two data fields mentioned above are the
"Nominal Visual Range of Daymark” and the "Radar Range". For these data
fields, calculations were performed to obtain the desired value as explained
in detail, complete with sample calculations and references used, in Appendix
D.

Calculations were also performed to obtain plots of cumulative cross
sectional areas for buoys as a function of height above water. The steps
required in constructing the cumulative area curves are also described in
detail in Appendix D. As a matter of fact, cumulative area calculations
constituted the first step in determining the nominal visual range of buoys.

The populated BTIS Database contains records for a total of 381
buoys. The distribution of buoy records by countries and by manufacturers is
shown in Table 3-4. A full set of buoy records are included in Appendix B.
Also included in Appendix B are plots of cumulative areas vs. height above
water for each buoy (for which such areas could be calculated) immediately
following the buoy's three page record. The nominal visual range and radar
range values, as calculated for those buoys that had sufficient data to enable
calculations, are entered into the appropriate data fields in the buoy record.

Out of a total of 381 buoys in the BTI§S Database, sufficient
information was available to:

- Calculate and plot cumulative areas for all USCG buoys and 276
foreign buoys. Consequently Appendix B contains cumulative area
curves for a total of 327 buoys.

- Calculate and input tu BTIS the nominal visual ranges for all
USCG buoys and 274 foreign buoys. The BTIS Database (and the
buoy records in Appendixz B) contains visual range data for a
total of 325 buoys.

- Calculate and input to BTIS the radar range values for 37 USCG
buoys and 141 foreign buoys so that the BTIS Database (and
Apnendix B) contain radar range data for a total of 178 buoys.

A typical “populated® BTIS Database Buoy Record is shown in Table 3-

5. This specific Buoy Recurd is for the U.S. Coast Guard's 9x32 LR (Steel
Lighted Buoy with Reflector). The “"Nominal Visual Range" and “Radar Range"
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Datailed Description of Dats fields ]
Elald Rescziotico Eqrsat
Kamg of Buoy Cosmonly used designation for tha tmay 30 Characters

Country of use
Functioa

Dats of Last
Record Updata

Buoy Weight

Buoy Draft

Overall Buoy
Leagth

Focsl Maight
of Light

ot Dismster
Freaboard:
= No Nooring

daaign, such as'8 226 LWR, 1962 type.®
Country curreatly usiag the buoy as an aid

‘to navigatioa.

Short description of the use or purposs
of the buoy.

Date of the last time the record was modified
This field is automatically updated when
the record (s entared or altered.

Weight of the buoy in pounds without
E00Tings Of power units.
See definition in Ref [1].

Distancs in feet from the buvy wateg-
lins to its lowast undarwater part with
20 soorings O power units installed.
See definition in Ref [1l}.

Ovezall leagth of the uoy in feet along
s 1108 at & Tigat angle to i%s defined
perpandiculars. For cxisymmtric booys,
this lins it genacally the vertical
centeriine. For boat-sbaped hulls, this
1ine is generally the fors-aft ceaterlinoa.

Vertical haight {n feet ftom the wateriioe
to the focal plana of the light for the tmoy
with 20 mOOrisg or power uaits. See

definition in Ref (1].
- fatreme traasversa widih or diamater of

ihe ooy iu feet.

vertical distemce in fest from the
watariing to the deck for the bwoy
without soorings or powsr umits, rer
calighted *:oye with no ecund signal the
distanoe 1o seasutad £rom the saterliine
to the Dwae of e tedar reflector. See
definition in Ret [1].

Ninimem revoumsndad fresbossd in feat
fo7 the Aoy tO rasiet curtemt and wive
lcads. See dafiaitics in %ef {1].

Pozce 1o pounds requited to sudusrge the

buoy st additionsl facr. Ses Ssfisiticm
fa Mt (1],

20 Characters

é Lines
2 40 Charactars

Date Format
wm/4d/yy

Numesic Format

|
i
|
|
"o |
!

Numsric Format
e

Nusacic Format
100.04

Numasic Format
50.00

Numeric Format
n.e

Numeric Yormat
"."

Nusscic Fotmat
N

¥agaric format

ne

TABLE 3-3

DESCRIPIION OF BTIS DATA FIELDS
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Detailed Descripticm of Dats Pieids (cont'd)

Eeld

Metacenteic
Height

Ragezve
Buoyaacy

Wave Moticn

Construction

Matesials
-Hull Shell

-Hull Pilling

-Towas

-Topmashk
=Couaterveight

Coating/

Subdivision

isll Type

Couatervelight

Coloriag Systea

Descrioticn

Distance (o feet from the centar of
gravity %0 the transvorse metacentsr
for ths buoy without mocoringt oOr power units.

Force in pounds requized to submerge the
buoy to tha deck (for lighted bucys and
unlighted sound buoys) ur tc the base of
the radar reflector (unlighted buoys). Ia
both casss, ths buoy is assumed %0 e
initially floating at its minimum freebosrd.

Indication of whether ths buoy is primarily
vave follcwing or decoupled.

Material used in ths constzuction of the
hall shell, e.g., etesl. aluminum, GRP, fcam,
etc.

Material used for the hall £illing, if any.
e.g., foam.

For lighted snd unlighted sound buoys, the
satexials ased ia the coastructioa of the
above=4ack towar.

Hatertal used i the coastructics of the
tucy topaack (4f installed).

Material used for countesweight, e.¢..
concrete, steal, wates, ete.

Descriptios of say spacial ball coatiny
oorsally used with the ooy, such a8
rost 1nhibiting primars or abrasion
reatstant coatings. For foam or plastic
betys, axy Color impregaatios sh